\\ 

















ofOMICTAL ROOM 
WORAL LIBRARY 


wiv. OF MICK THE JANUARY 


| SCIENTIFIC 


MONTHLY 


EDITED BY J. MCKEEN CATTELL 


HOW FAR CAN MAN CONTROL HIS CLIMATE? PROFESSO! 
Ropert DEC. WARD 


FRONTIERS. Dr. J. ArTHuR Harris 19 

VEGETATION AND EROSION ON THE EVERGLADE KEYS 
Dr. JOHN K. SMALL 

ANCIENT TRAILS IN THE VALLEY OF THE CLEAR FORK, 
TEXAS. Proressor Roy L. Moopie 


THE ELIMINATION OF THE MALE SEX IN THE EVOLU- 
TION OF SOME LOWER ANIMALS. Dkr. Artuur M. Banta 59 

REPETITION IN THE BREAKING OF HABITS PROFESSOR 
KNIGHT DUNLAP 66 

COLOR IN SCIENCE AND POETRY. Dr. Greorce R. Stewart, Jr. 71 


THE SCIENTIFIC STUDY OF HUMAN BIOGRAPHY. HAROLD 
D. LasswELL.._.§—___. 79 


THE SPARROW-HAWE’S FIRST FLIGHT; THE WINTER WREN, 
HIDDEN ARTIST OF SONG. Ratpu E. DAanrorTu ; 81 


THE PROGRESS OF SCIENCE: 


The Annual Meeting of the American Association for the Advance- 
ment of Science ; Des Moines as a Place of Meeting; The Centenary 
of the Death of Thomas Young; The Institute of Human Relations 
at Yale Uniwersity.. reciaanaiticaimeeiien - 87 


THE SCIENCE PRESS 
LANCASTER, PA.—GRAND CENTRAL TERMINAL, N. Y. CITY—GARRISON, N. Y, 


Yearly Subscription $5.00 Single Copies 50 cents 








Report on Progress in Manchuria. 1907-1928. 
vii+238 pp. Illustrated. The South Manchuria 
Railway, Dairen, Manchuria. 


A book dealing with every aspect of Manchuria. 
The main chapter headings are: Introduction; Geo- 
graphical features; Historical background; Leased 
territory and Railway zone; South Manchuria Rail- 
way; Trade; Agriculture; Mining, forestry and fish- 
ery; Manufacturing industry; Currency and credit; 
Education, and Sanitation. 


Ions, Electrons and Ionizing Radiations. JAMES 
A. CrowTuer. Fifth edition. xii+353 pp. $5.00. 
Longmans, Green and Company. 


A text-book from which students who have been 
grounded in the more elementary portions of phys- 
ics may obtain a systematic knowledge of its latest 
developments. The mathematical treatment of the 
subject has been simplified wherever possible. 


Handbook of Paleontology for Beginners and 
Amateurs. Part I. The Fossils. WINIFRED 
Gotprinc. 355 pp. Tlustrated. $1.50. New 
York State Museum. 

An introduction to paleontology and also zoology 
with special reference to New York State. The in- 
vertebrates have been treated at greater length than 
the vertebrates because they are the fossils found 
most abundantly in that state. 





Experiments in Psychology. Wuituiam 8. FOSTER 
and Miues A. TINKER. Revised edition. xv +392 
pp. $2.25. Henry Holt and Company. 

A text-book for the college student, making use of 
the laboratory method in an elementary course of 
psychology. The revisions of Dr. Tinker consist of 
additional experiments and the placing of greater 


emphasis on method and interpretation, and less on 
computation. 


An Introduction to Modern Organic Chemistry. 
L. A. Cotes, xv+452 pp. Illustrated. 2.50. 
Longmans, Green and Company. 

A text-book for the ordinary student dealing with 
the properties and reactions of ethyl alcohol and 
acetic acid, with the molecular changes of organic 
reactions and the structural theory of compounds, 
and with the aromatic compounds. 


Experimental Optics. 
203 pp. Illustrated. 
Sons, Inc. 


ALBERT F. WAGNER, xii + 
$3.25. John Wiley and 


A laboratory manual containing the fundamental 
practical work in geometrical optics given to junior 
officers of the U. S. Navy. The author is professor 
of physics and electrical engineering at the U. 8S. 
Naval Academy. 


The Twilight of Christianity. Harry E. BARNgs. 
xi+470 pp. $3.00. The Vanguard Press. 


An attack on orthodox Christianity pleading for 
the abolishment of supernatural concepts and the 
adoption of strictly secular and mundane considera- 
tions. The deductions are arrived at through a sum- 
mary of scholarly progress. 


xii+545 pp. $4.50. 


NEW BOOKS OF SCIENTIFIC INTEREST 


A. Daw 


An Introduction to Sociology. CARL 


and WARNER E, GeETrTys. $4.50. 


Ronald Press. 


vi + 866 pp. 


A text-book for use in an introductory courss 
sociology aiming to be both logical and simple. 
set of questions is to be found at the end of « 
chapter and the text is followed by a study mani 


Process and Reality. ALFrEep N. WHITEH 


Macmillan Company. 


An essay in cosmology, being the Gifford Lect $ 
delivered in the University of Edinburgh during ' 
session 1927-28. Its discussions of modern thot 
are confined to the most general notions of phys 


| and biology. 








| In the Zoo. W. Rem Bair. xii+195 pp. $2 


| to the 


Charles Scribner’s Sons. 


Twenty years of observations and studies of : 
mals made by the director and curator of the N 
York Zoological Park. A book which is well aday 
general public and is profusely illustr: 


| from photographs. 





Types of Philosophy. WiuuiAm E. Hockinae. 


+462 pp. $2.50. Charles Scribner’s Sons. 


A book intended primarily for the beginner 


| also useful to those more versed in philosophy 


| Greek Medicine. 





| combines both the history and the problems of t 


subject and is written in an informal and interes 
manner. 


ARTHUR J. Brock. xii + 25¢ 


$1.75. E, P. Dutton and Company. 


This volume of extracts is illustrative of med 
writers from Hippocrates to Galen and is trans! 
directly from the Greek by the author. It is esp: 
cially designed to show the broad clinical out! 


of these two great Greeks. 


276 py 


Forestry in Sweden. Grorce S. Prrry. 


Illustrated. $2.50. Published by the author. 


A book of forestry in Sweden and adjacent la: 
as seen from the view-point of an American forester 
The author hopes it will start arguments, sugges 
research and stimulate activity in his native land 


The Dissolution of the Hapsburg Monarchy 
Oscark Jaszi. xxiv+488 pp. $3.00. Univer 
of Chicago Press. 


+? 


One of the volumes in the series of “ Studies in 
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HOW FAR CAN MAN CONTROL HIS CLIMATE? 


Professor ROBERT DeC. WARD 


HARVARD UNIVERSITY 


From the beginning of human history 
the artificial control of weather and of 
climate has been of interest to man. It 
matters not how ‘‘perfect’’ a climate 
may be; or where man lives; or what 
specific use he wishes to make of the 
atmospheric that surround 
him, there is always something that is 
unsatisfactory or injurious or disagree- 
able in what nature provides. It is too 
hot or too cold. There is too much or 
little rainfall. Frost kills crops. 
Winds are too strong and injure what 
man has planted. Lightning wrecks 
buildings and sets them on fire. Hail 
beats down and may destroy fields of 
wheat or orchards of fruit. Long-con- 
tinued cool and cloudy weather retards 
the growth of crops. Droughts, if they 
last long enough at a critical time, may 
cause irreparable damage. 

Many absurdly fantastic notions con- 
cerning man’s control over weather have 
been, and are still, current. Thus, a 
western newspaper has lately suggested, 
it is to be hoped jocosely, that the com- 
pletion of the new tunnel through the 
Cascade Mountains on the Great North- 
ern Railway may alter the climate by 


conditions 


too 


making it possible for cold air from 
the continental interior to flow west- 
ward through the tunnel. Prepos- 


terous as this idea is, it is hardly as 
hopelessly fantastic as was the view, 
seriously advanced a good many decades 
ago, that deforestation on the northern 
Pacific slope of the United States would 
change the climate of Europe. The 


] railroads and the construe 


lines in the 


uuilding of 
tion of telegraph 


western 


United States were believed by many 
people to have brought about a chang: 


in the climate of that region, and similar 


views were held in England when th 
first railroads were built Tnere The 
Mexicans in California are reported to 


have blamed the Americans for bringing 
thunderstorms as a result of new railroad 
construction. Very recently, the world- 
wide use of the radio has been thoug 
both in the United States and elsewhere, 


to have caused 


unseasonable weather 
Professor C. F. Talman, of the U. S. 
Weather Bureau, has reported that 
during a summer cold spell in Poland 
two years ago, the peasants tore down 
the radio aniennae in order to bring 
better weather. The wide-spread preva 
lence of this view of an influence of 


radio on weather was illustrated dur 


writer’s visit in Shang 


ing the 
While there, he was reported 


April 

in an interview in a local newspaper 
as believing that the severe winter ove 
much of Europe was due to the influ 
ence of radio. It is hardly necessary to 
say that he made no such statement 
The ‘‘interview’’ was purely a product 


of the reporter’s imaginatio1 


fortunately, this so-called interview was 
cabled to the American newspapers, 
was quoted in some of them 
There 


against nature; 
prove what nature has provided. 


. ] , 
struggie ot man 


is always a 
always the effort to im- 
Among 


} 


the well-known attempts to control cer- 
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tain features of the weather are the pro- 
tection of fruit and other delicate crops 
against frost; the many and varied at- 
tempts to make artificial rain, and the 
method of supposedly blowing a water- 
spout to pieces by shooting at it. None 
of these efforts, it should be observed, is 
directed at a complete control of all the 
weather elements. All of them concern 
individual phenomena only. Mark 
Twain was hardly correct when he wrote 
his often-quoted statement, ‘‘ Everybody 
talks about the weather but nobody does 
anything about it.’’ For century after 
century man has been trying to do some- 
thing about it. But he is dealing with 
an immense atmosphere, unconfined, free 
to move—a physical laboratory in which 
experiments on an enormous scale are 
constantly being performed. There can 
be no hope, and no possibility, of exer- 
cising any control over this vast atmos- 
phere as a whole, or even over any con- 
siderable part of it. The most, and the 
best, that man can ever hope to do is to 
deal with a very small part of it, over a 
very limited space at best. The funda- 
mental processes of nature, in her great 
atmospheric laboratory, are concerned 
with many cubic miles of air. As Sir 
Napier Shaw has well expressed it, ‘‘We 
are lords of every specimen of air which 
we can bottle up or imprison in our 
laboratories. . . . In the open air we are 
practically powerless.’’ 

It is convenient and logical to consider 
man’s attempts to deal with his weather 
and climate under three heads, or stages. 
These are, first, protection; second, pre- 
vention, and third, production. The 
first stage is perfectly passive. No at- 
tempt is made to change the normal 
order of nature. Man simply seeks to 
protect himself or his crops against what 
comes. The second stage is more active. 
In this it is sought to prevent conditions 
from occurring which are undesirable or 
injurious. The third stage is the most 


active and aggressive of the three. In 
this man definitely and seriously tries to 


produce something which is not other 
wise present. He plans a campaign ¢ 
bring about a result. He attempts 

create a weather condition which natw 
does not herself, in her ordinary norn 

régime, produce. 

In the first stage, the passive o1 
there is neither prevention nor produ 
tion, but only protection. Here m 
accepts things as they are. He mer 
tries to shield himself against them. | 
this group of illustrations we have ma: 
many methods of providing himself wit 
shelter, ranging from the most primi. 
tive, such as the rock eaves of early mar 
or the simple bamboo and palm-leaf hut 
of the tropics, to the most elaborate m: 
ern houses and other buildings, heated 
in winter in cold climates and without 
doubt more and more in the future to bh 
artificially cooled during the heat of sun 
mer. An immense amount of time a1 
of inventive skill has been expended in 
making this protection more and mor 
adequate. 

Tropical cyclones are among the most 
dangerous phenomena with which man 
has to contend. They devastate larg 
areas, destroy crops, wreck buildings and 
often eause great loss of life. With a: 
increasing population in the districts 
visited by these storms, and with tl 
growth of cities and of industrial plants 
there, better methods of building are | 
becoming more and more necessary. It 
is clear that man can do a great deal 
towards promoting the safety of human 
life in, and lessening the damagi 
wrought by, tropical storms. Building 
regulations in the regions visited by hur- 
ricanes and typhoons should certainly 
take cognizance of these facts. Build- 
ings can be constructed of heavier mate- 
rials, such as reinforeed concrete; roofs 
ean be ‘‘tied on’’ more firmly: the foun- 
dations can be made more secure, and 
the structure be more firmly united with 
the foundation. Locations should b 
selected beyond the reach of the storm 
waves which cause most of the fatalities. 
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Cities on the coast can be protected by 

sea walls and by breakwaters, to lessen 

dangers of floods resulting from the 

Inland settle- 
} 


against the fresh- 


nrush of ocean waters. 


ments can be protected 
water inundations which so often follow 
the torrential rains. 

In the case of tornadoes, the most vio- 
nt disturbances in the atmosphere, tor- 
nado cellars provide adequate protection 
to life. Recent studies have shown that 
solid steel and concrete construction will 
resist the violence of ordinary tornado 
winds better than structures of brick or 
wood, although it is practically certain 
that no building which is exposed to the 
greatest fury of the winds or which 
passes through the center of a fully de- 
veloped tornado will stand up, at any 
rate without very serious damage. 

Protection against lightning is another 
aspect of this phase. We have advanced 
very far beyond the stage of fifty or 
more years ago, when the ‘“‘lightning- 
rod man’’ traveled about the country, 
installing the old-fashioned tall rods on 
farmhouses and barns. The modern 
methods of lightning protection have 
been very carefully worked out. The 
general idea is to enclose the building 
in a wide-meshed metal ‘‘cage,’’ so to 
speak. The ridge-poles, chimneys and 
other elevated portions of the roof are 
connected by copper, ya!lvanized iron or 
steel wires or cables. At several points 
there is connection with damp ground. 
The purpose is twofold: partly to pre- 
vent the disruptive discharges of elec- 
tricity which we call lightning, and 
partly, if a bolt hits the building, to 
conduct it safely by an easy path to 
damp ground. Protection against dam- 
age and danger to human life when a 
lightning bolt hits a building belongs in 
the first stage, the passive one, when pro- 
tection, not prevention or production, is 
the motive. 

Frost protection is another illustra- 
tion. Here no attempt is made to con- 
trol the general conditions that bring 


HIS CLIMATE? fi 


the low veratures ass vit 
frost. } lt by me ns 
sereens b 1st S 

om ures, we try T | : 
crops from damage by « ng 1 
tion om the grou ' 
The el screens over tf 
Connecticut Valley, si r si 
in certain Mediterrat ts 


keep fruits from ripening to 
so to have them ready for mat 


11 } 


most Tavorabie time, and pianting 
trees under the shade of other trees, su 
as bananas, in order to ect them 
from the tropical sun, are additional 
examples 

The planting of trees to serve as wind 
breaks is a characteristic undertaking on 
our western plains, and in many othe 
places in different parts of the world. 
These windbreaks do not revent f 


give 


that 
which are 


conditions 
winds injurious to planted 
protect the crops 


leeward side by reducing the wind 


crops. They merely 
on the 
velocity. Studies of the climatic effects 
of such windbreaks show that, 
tally, there is some reduction of evapora- 
tion and a slight local moistening of the 


incids n- 


air. The high walls seen in many places 


in the Mediterranean countries of 
Europe are built to serve as protection 
against the strong winds of that area. 
These walls do not add to the traveler’s 


enjoyment when he is anxious to see the 


gardens and orchards, but they serve 


their purpose satisfactorily and are ex- 
cellent efforts to 
secure t unfavorable 
climatic phenomena. have 
journeyed through the lower Rhone Val 


examples of man’s 
protection agains 
T) 


ose whe 
ley can not have failed to observe th 
rows of trees planted there to serve as 
} 


windbreaks against the dreaded mistral 


a 
a strong northerly wind often reaching 
gale foree, which has much in common 
with our here. The 
mistral is the ‘‘master-wind’’ of tl 
section of the northern Mediterranean 


It is well known, and commonly 


northwest winds 


i€ 
at 


coast. 
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spoken of as one of the seourges of 
Provence. On our own western plains, 
the desiccating effects of hot winds dur- 
ing the summer, often seriously disas- 
trous to growing crops of all kinds, can 
be decreased by windbreaks planted on 
the southern margins of the cultivated 
fields, while rows of trees on the north 
reduce the velocity of the cold northwest 
winds of winter and are a protection to 
the otherwise fully exposed farmhouses. 
Windbreaks, on whichever side of the 
buildings they are planted, furnish shade 
in summer and break the monotony of 
the great level open stretches of the 
plains. 

The narrow streets of cities in the 
Near East are familiar to us all. They 
are designed to keep out the sun, and are 
often, in shopping districts, covered by 
awnings to serve as additional protec- 
tion. In this country, in various cities, 
there are arcades lined with stores, and 
shoppers are thus protected from inclem- 
ent weather. One of the advantages 
enjoyed by large department stores is 
the fact that so many different things 
can be purchased under one roof, with- 
out the necessity of going out when 
weather conditions are unfavorable. A 
rather amusing investigation has re- 
cently been made of the effects of rainy 
days upon the amount of business done 
by the larger department stores and by 
the smaller shops. It appears that if the 
day begins by being fine, but has rain 
about noon and in the afternoon, the 
department stores are the gainers and 
the smaller shops are the losers. The 
apparent explanation is that shoppers, 
especially those from the outlying sub- 
urbs, start to town on a fine morning, 
but if the afternoon is rainy or snowy, 
they naturally prefer to stay under one 
roof, and therefore do their purchasing 
in one store. On the other hand, if the 


day begins by being very cold or wet or 
disagreeable, both department stores and 
the smaller shops suffer loss of trade. 
We turn next to the second stage, that 
of the effort towards prevention of con- 
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ditions that would otherwise occur 
This is, obviously, more active and ag- 
gressive than the first step, that of meré 
protection. 

The campaign against frost goes back 
to early days, and is carried on wherever 
temperatures fall low encugh seriously 
to damage valuable crops. ‘‘Frost-fight- 
ing’’ is the term that has come into use 
in recent years in the United States, and 
it is a very appropriate designation for 
this aspect of man’s struggle against 
nature. Nowhere in the world has frost 
prevention been more thoroughly studied 
than in our own country. Nowhere else 
is the campaign carried on more scien 
tifieally or with so large an investment 
of capital. To-day’s fight against frost 
is a carefully planned and an effectivel; 
organized undertaking. It is no longer 
the haphazard burning of piles of brush, 
straw and other rubbish, as in former 
times, when the formation of a thick 
cloud of smoke was the object sought. 
There were then no regular frost fore- 
casts. There was no cooperation among 
neighboring farmers and fruit-growers. 
To-day, in this country, the Weather 
Bureau pays special attention to its gen- 
eral forecasts of frost during the critical 
times of the year, and in addition in 
many of the great fruit districts of the 
west special local observations are taken 
and used as the basis of local forecasts. 
Cooperation between fruit-growers in the 
same locality insures far greater safety 
to all than is the case when a single 
orchard or ranch is protected. It is a 
common fight against a common enemy, 
and is a cooperative campaign. 

Frost-fighting may be seen in many 
parts of the country, and the methods 
used vary. In the cranberry bogs of the 
Cape Cod district of Massachusetts flood- 
ing is the natural, easy and most effec- 
tive means of preventing frost damage. 
In the citrus belt of Florida, in the eran- 
berry bogs of Wisconsin, in the famous 
apple district of southern Oregon, in 
many other districts and in the case of 
many other crops, the campaign against 
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frost is waged. But it is in that won- 
derful citrus fruit district of Southern 
California, in the general vicinity of Los 
Angeles, that the prevention of frost is 
most widely and most scientifically car- 
ried on. The climate of Southern Cali- 
fornia probably comes as near perfection 
as a climate can come, but there are some 
things, even in Southern California, that 
man would prefer to have changed. 
Frost is a potential factor of very great 
importance, relatively infrequent as it is. 
Where immense sums of money are in- 
vested in citrus fruits and in other crops, 
the prevention of frost becomes a neces- 
sity. 

Many different methods of frost 
prevention have been tried, as_ by 
‘‘smudges’’ of dense smoke from moist 
bonfires; by dampening the air, either 
by means of sprayers placed above the 
tree-tops, or by allowing steaming warm 
water to run through the irrigation 
ditches and channels; by keeping the 
lower air in motion, or bringing down 
warmer air by means of huge fans or 
lowers, and so on. The result of ex- 
perience and of much careful experimen- 
tal study has been to show that the 
safest, best, most effective and, in the 
long run also the most economical, plan 
is to use orchard heaters, burning crude 
oil. On a clear winter night, when the 
forecasts indicate frost occurrence, many 
thousands of these heaters are burning, 
and the sight, to those who are not aceus- 
tomed to it, is one that will never be 
forgotten. It may be asked, ‘‘ How is it 
possible, even with thousands of oil heat- 
ers, to keep the temperature outdoors 
above the danger-point?’’ The answer 
is that frost occurs on calm, or fairly 
quiet nights; the coldest air is near the 
ground, and only a comparatively thin 
layer has to be heated. If frost came on 
very windy nights, the air warmed by 
the heaters would be moved away, and 
cold air would continually be brought in. 
Under such conditions, any general 
warming of great masses of moving air 


would be impossible. 


Stagnation ot the lower alr 


4 
A 


nights that makes orchard heating prac 
ticable. 

The expense of any such frost-fighting 
campaign is heavy, and includes the cost 
of the heaters, the fuel and the wages 
of the men who fill and tend the heaters. 
Therefore there is a limit to the number 
of times a winter that frost-fighting is 
worth while. It is not profitable if it 
has to be resorted to often. As a result 
of the vigilance of the growers in watch- 
ing the readings of the thermometers in 
their orchards, and of the effective frost 
warning service of the Weather Bureau, 
the expensive application of the heating 
process can be so accurats ly planned for 
as to avoid a great waste of oil on the 
one hand, and the destruction of t) 
crop on the other. 

Hail is another climatic handicap 
whose coming man has often tried to 
prevent, for it may cause very serious 
damage to crops of all kinds. Various 
sorts of religious emblems or amulets 
are still hung on the trees by European 
peasants in the belief that such charms 
will prevent hail from falling In 
Europe, for many generations, these and 
many other methods have been tried, 
from the ringing of church bells in the 
earlier days down to the ‘‘hail-shooting’’ 
and so-called ‘‘electrie Niagaras’’ of 
modern times. ‘‘ Hail-shooting’’ 
popular in some of the vine-growing dis- 
tricts of southern Europe. Here espe- 
cially designed mortars are used, from 
which, when threatening thunder-clouds 
are approaching, charges of gunpowder 
are exploded towards the storm. Ther 
is much noise; vortex rings of smoke rise 
from the mouth of the mortar—and the 
hail falls, or not, as nature ordains. An 
enormous amount of money has been 
spent on this hail-shooting campaign 
Special foundries have cast the mortars. 
And the belief persists that the firing is 
effective. Hail is the product of violent 
ascending and descending currents of 


is still 








air in thunder-storms. These currents 
may rise, at considerable velocities, for 
thousands of feet. The explosion of 
charges of gunpowder on the earth’s 
surface can not alter the condition of the 
great physical experiment which nature 
performs every time she produces a thun- 
der-storm. Fortunately for man, hail 
does not occur in every thunder-storm, 
as common observation will show, and 
fortunately also, when it does occur, it 
falls over narrow strips of territory only, 
and never throughout the whole district 
covered by the storm. The so-called 
‘electric Niagaras,’’ or ‘‘hail-rods,’’ are 
tall openwork steel or iron towers, 
erected in certain districts of Europe 
with the idea that they will in some way 
draw off the electricity from the clouds 
and prevent the formation of hail. The 
electricity developed in a thunder-storm 
does not affect the formation of hail; nor 
have the ‘‘hail-rods’’ any influence, one 
way or the other. 

In speaking of protection against 
lightning as an example of the first stage 
in man’s effort to control his climate, the 
fact was noted that modern methods are 
designed to protect buildings, when dis- 
ruptive discharges of electricity occur, 
by providing a natural and easy path to 
the ground. The modern ‘‘cage’’ 
method has a second object, and that is 
to prevent as many disruptive dis- 
charges as possible by the flow of 
electricity from the ground up through 
the ‘‘eage’’ to, and then off from, the 
points on the roof. Excessive charges of 
electricity and flashes of lightning may 
thus be prevented. 

Fog is another climatic element which 
is often a very serious handicap to man. 
In fact, with our present universal use 
of automobiles and trucks, and espe- 
cially with the rapid development of 
aviation, fog is every day assuming 
greater importance as a factor in our 
activities. To prevent the formation of 


fog, or to dispel it when formed, various 
methods have been tried. In the labora- 
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tory, with small blocks of fog, th 
ean be cleared by electrical disch . 
or by heating it and thus iner 
capacity for water 
water particles will disappeer. 

the open air fog prevention is a ver 
different matter. Within a fe 
experiments have been enrried out 
Pittsburgh with a view preventing 
the formation o7 the ry gs which ar 
there a serious hendicap and menace t 
navigation. Oil was poured on th 
river, and the rest}ts, while not convin: 


asing its 


vapor % 


"Any 
yYCals 
. 


ing, seem, within lim:ts, to have had a 
slight degree of success. In France, 
coating the waters of the Rhéne and of 
the Sadéne at Lyons with oil has not 
proved a practicable undertaking. Th« 
‘*‘steam’’ type of fog occurs on calm 
eool nights when the water in the river 
is warmer than the air above it. The 
warm air, rising from the water, con- 
tains much water vapor, and is chilled 
when it mixes with the colder overlying 
air. By mixture and conduction th: 
cooling may be sufficient to bring about 
condensation into fog. The oil film 
serves in a way as a sort of cover or lid, 
and checks, to a certain degree, the 
‘‘steaming’’ from the warm water of the 
river. This method is, however, applica- 
ble, so far as it is successful at all, to one 
type of fog only. It could not be used 
in the case of the common lowland and 
valley radiation fogs that form so often 
on clear, quiet nights, especially in 
autumn and winter, over the lowlands 
and in the valleys of a mountainous or 
hilly country. 

Many fogs result from the cooling 
of the lower air which comes from a con- 
siderable distance and whose moisture is 
also derived from a distance. When 
such warm, moist air happens to be car- 
ried over a cold surface, it may be water 
or land, cooling takes place and conden- 
sation may result. Local evaporation 
over the locality where such fogs occur 
is not the cause of the fog. The warm 
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air brings the moisture with it. Of this 
type are the famous and much-dreaded 
fogs of the Grand Bank of Newfound- 
land, so familiar to transatlantic travel- 
ers over the northern steamship lanes. 
These fogs are mainly due to the impor- 
tation of great masses of warm, moist air 
from over the warm waters of the Gull 
Stream drift. As this air crosses the 
cold water of the bank it is chilled, and 
condensation into fog results. Unfortu- 
nately for navigation, the Newfound- 
land Bank area of the North Atlantic 
has almost ideal conditions for fog 
formation, especially in the spring and 
early summer. 
are far and away beyond man’s control. 
Unless, or until, some way is found for 
locally dispelling the fog in the immedi- 
ate vicinity of a vessel, the situation 
must remain as it is to-day, and always 
has been. It is true that experiments 
have been made in fog-dispelling on 
board ship by means of powerful electri- 
eal discharges, but however successful 
such a temporary local clearing of the 
air may be, the fog constantly keeps 
blowing in, and any cleared space is 
inevitably almost immediately 
foggy. 

In this country experiments have been 
made with a view to artificial dissipation 
of fog on flying fields by means of elee- 
trified sand dropped from aeroplanes. 
While the early press reports of this 
undertaking were favorable, there are 
several points concerning which conser- 
vative meteorologists are still in doubt 
Electrified sand does seem to have 
cleared spaces in clouds, but on the 
other hand ‘‘holes’’ in clouds often 
develop normally in the processes of 
cloud formation and dissolution, and 
ordinary aeroplanes can clear a space 
through a thin cloud without the use of 
electrified sand. Whether reasonably 
successful or not, the practical fact re- 
mains that fog-dispersal by means of 
electrified sand scattered from aero- 


The causes of these fogs 


again 


planes is not a feasible method 
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magnitude of the task outdoors 

expense of it, that stand as stumbling 


blocks in our way at present 


In Europe, where commercial! aviati 
} ar ) +1 ‘ ] 
began on a large seale earlier than it did 
in the United States, local studies of 
practical methods of fog dispersal on 
flying fields have naturally outstripped 
our own efforts in this direction. In 
England, for example, various methods 


have been tried, all on a relatively sma 
Heating the air, in 


order to increase its capacity for water 


scale, however. 


. 


vapor and thus bring about a clearing 
away of the water particles, has proved 
Keeping the air in circula- 


tion by means of large fans and blowers, 


impossible. 


and thus endeavoring to prevent the 
occurrence of a low-lying layer of cold 
air essential to the formation of an ordi- 
nary lowland or radiation fog, was also 
found to be impracticable, as was the 
attempt to drain fog-laden air off of fly 
ing fields. Experiments in fog-dispersal 
by means of electrical discharges and by 
explosives have not been decisive SO 


4 


far, all the attempts to dispel fog by arti- 
ficial means except on a small seale, and 
when all the circumstances are favorable, 


It IS possib e 


have proved unsuccessful. 
to dispel fog, but all methods thus far 
employed are too expensive and could 
not be employed on a large seale ou 
} 


qaoors., 


The general problem of fog pr 
vention and of its disp rsal 
remains for the future. 


The third stage in man’s efforts to 


when tormead 


control his climate and weather is the 








most active and aggressive. In this, 
there are the attempts to produce a con- 
dition which is not present as the ordi- 
nary result of natural processes. We 
are here concerned, not with protection 
or prevention, but with production. 
The artificial production of rain is 
doubtless the most wide-spread and best 
known of man’s activities in this direc- 
tion. Over much of the earth’s surface 
rain does not fall in sufficient amounts, 
or at the proper seasons, to satisfy us. 
Rain seems to fall so easily when it does 
come, and clouds, which precede rain- 
fall, are so common and seem to be so 
very close to the stage of rainfall, that 
it would appear a relatively simple 
matter to produce clouds artificially, or, 
if they are already present in the sky, 
to shake the rain out of them. For 
clouds, it must be recalled, are merely 
collections of millions of small water 
droplets, or of ice crystals. The ques- 
tion whether any precipitation takes 
place depends on the size, that is the 
weight, of the solid particles, and upon 
the possibility of their being able to fall 
through the rising currents of air which 
usually accompany cloud formation. 
One of the popular aspects of this 
whole matter concerns the very common 
belief that battles produce rainfall, it 
being a general impression that in some 
way the heavy cannonading brings 
about precipitation. In all recent wars, 
this belief has found expression. Dur- 
ing our own Civil War, in the Franco- 
Prussian War, during the World War, 
the opinion was expressed, over and over 
again, that rains followed battles, as 
effect follows cause. During the great 
war the question was often asked by 
highly intelligent people whether long 
spells of rainy weather here in the 
United States were not due to the war 
in Europe. And in England, not many 
years ago, certain agricultural organiza- 
tions sent a communication to the 
British Admiralty, asking that the 
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heavy gun firing during the regular 
autumn naval maneuvers in the channel 
be discontinued on the ground that it 
brought rains during harvest time. It 
is an interesting fact that, while in mod 
ern times, in the days of gunpowder and 
of other explosives, the cause of the rain- 
fall has been sought in the heat and 
shock of the firing, the ancient Greeks, 
long before the days of explosives, als 
believed that fighting brought rain. 
They attributed the occurrence of pre 
cipitation to the moisture from the per 
spiring bodies of the troops. It was 
only in relatively modern times that 
gunpowder explosions were believed to 
be responsible. The fact of the matter 
clearly is that preparations for battl 
have usually been made during spells of 
fine weather, and the fighting generally 
begins while it is still dry. Then, in the 
ordinary course of events over most of 
the temperate zone, a few days of fin 
weather are followed by a general rain 
storm; the battle ends in, or may be 
closely followed by, rain. The origin of 
the popular belief is thus easily ex- 
plained. 

Two main lines of attack on the prob- 
lem of artificial rain may be noted. One 
attempts to produce rainfall by means 
of explosions; the other has sought to 
produce rain-clouds by making fires. 
With the former method we have had a 
most humiliating experience in our own 
country. About forty years ago, as the 
result of successful political wire-pulling 
on the part of one individual, who was 
not a scientist, Congress was induced to 
make an appropriation of several thou- 
sand dollars for the purpose of making 
rain in Texas. The method used in 
these experiments was mainly to send 
up explosives by means of small bal- 
loons, and then to have the explosion 
take place at thé cloud level. It was 
claimed that the shock of the explosions 
and the liberation of gases from the bal- 
loons would produce the rain. The re- 
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port, which, to our national disgrace, 
was printed as a Senate Document, was 
naturally highly optimistic. Rain was 
stated to have been produced on numer- 
ous occasions, and Congress was induced 
to make a second appropriation for an- 
other year’s campaign. By this time, 
scientific men were becoming aroused, 
and a competent meteorologist repre- 
senting the Smithsonian Institution 
accompanied the rain-making expedi- 
tion. As was to be expected, his report 
was very different from that of the 
leader of the undertaking. It appeared 
that all that the explosions did was pos- 
sibly to shake down a few drops of rain 
a little in advance of the time at which 
they would have fallen naturally, and 
that the general rainfalls which it was 
claimed resulted from the experiments 
were such as would have come in any 
ease. This most unfortunate undertak- 
ing, sponsored by the Congress of the 
United States, did much to discredit us 
in the eyes of European scientific men. 
It is highly important that no such ocea- 
sion should arise again. 

The development of the typical cumu- 
lus cloud of fine summer days has long 
been known to result from the ascent of 
air warmed near the earth’s surface— 
rising when lighter than the overlying 
air; cooling as it ascends, and, if suffi- 
ciently cooled, reaching its dew-point so 
that condensation takes place and the 
cloud appears. Each cumulus cloud is 
in reality ‘‘the visible top of invisible 
ascending currents of air.’’ These fine- 
weather summer daytime clouds, with 
their familiar flat bases and great con- 
vex tops, are characteristic over well- 
warmed land surfaces. Water, being 
warmed much less than land under the 
summer sun, is therefore not, as a rule, 
favorable for the development of these 
clouds, although, near shore, they drift 
out over the ocean and in a different and 
much less massive form they are charac- 
teristic of the trade-wind belt at sea. It 


IS an interesting Lact that occasionally, 


when conditions are favorable, the hot 
air rising from fires may produce small, 


+ 


and sometimes even fairly large, cumu 
lus clouds. I have myselt seen ft 
illustrations of this in the case of the 
burning coal pockets of the Boston and 
Maine Railroad in Charlestown some 
forty years ago, and over a brush fire in 
Peru in 1897. Such clouds were well 
observed during the fire which followed 
the San Francisco earthquake, and they 
are not infrequently reported as form 
ing over burning oil-wells. 

About the middle of the last century, 
Espy, one of the greatest of American 
meteorologists, who was especially inter 
ested in storm formation by conveec 
tional ascent of warm air, seriously sug 
gested that showers might be produced 
artificially, during summer droughts, 
the farmers in the United States would 
unite in building huge bonfires of rub- 
bish, or in burning large areas of wood 
land. In this way, Espy maintained, 
considerable masses of warm air would 
rise; cool during their ascent; form 
cumulus clouds, and finally reach th 
stage of rainfall. <A story is told of an 
amusing incident in this connection. A 
party of engineers was constructing a 
road in a southern cane-brake. The day 
was intensely hot, and the negro laborers 
refused to work. The engineers said 
that if work was stopped, they would 
make a thunder-storm. The cane-brakes 
were set on fire, clouds formed, and, so 
the story goes, in a short time a small 
thunder-storm was in operation. The 
laborers were so much frightened be- 
cause of this supernatural power on the 
part of the engineers that no further 
trouble was experienced. 

In recent years there have been 
numerous so-called ‘‘rain-makers’’ who 
have plied their trade and often made 
large profits by contracting with farmers 
during a dry season to produce rain in 
return for a financial consideration. 
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The contracts are for so much money 
per inch of rain. These ‘‘rain-makers’’ 
are, of course, pure fakirs. They usually 
build a small wooden shack in some 
rather inaccessible locality, and from 
the roof smoke rises when the rain- 
making process is going on. The whole 
business is a distressing and disgraceful 
performance. Yet the surprising thing 
is that so many apparently intelligent 
farmers, in the western United States, 
in Canada and in Australia, have, even 
in very recent years, been hoodwinked. 
The ‘‘rain-maker’’ usually has sense 
enough to watch the official weather 
maps and forecasts carefully from day 
to day. If he sees that the general 
weather conditions are becoming favor- 
able for rain he produces his contract, 
secures his clients’ signatures obligating 
them to pay so many hundreds or thou- 
sands of dollars for an inch of rain, and 
appeals to them with the slogan, ‘‘No 
rain, no pay.’’ It is an easy financial 
proposition for the ‘‘rain-maker.’’ In a 
Science Service note, Professor C. F. 
Talman has called attention to an inter- 
esting suggestion made by Dr. David 
Starr Jordan which is directed towards 
positive assurance of the rain-maker’s 
financial status. The rain-maker con- 
tracts to bring rain within a certain 
time, for a fixed sum. He should then 
take out weather insurance against a 
continued dry spell during that time. 
If the rain comes, the farmers pay. If 
it does not come, the insurance company 
pays. ‘‘Assuming the insurance pre- 
mium to be less than 100 per cent. of 
the face value of the policy, and also less 
than the amount to be paid for rain by 
the drought-stricken farmers—condi- 


tions that probably could be met in most 
cases—the scheme is absolutely perfect.”’ 

On quite a different basis from all 
such attempts at rain-making by pure 
impostors are the scientific experiments 
with electrified sand, already referred to 
in connection with the fog-dispersal. It 
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has been claimed that this method not 
only dispels the fog, but, by causing the 
small water droplets to join, produces 
rainfall. Here again, what may work as 
a laboratory experiment, or on a very 
small scale outdoors, is hopelessly inade- 
quate to produce any large result. Pro- 
fessor W. J. Humphreys, of the U. S. 
Weather Bureau, has discussed this 
matter very clearly. The physical proc- 


esses at work in bringing about our 


general rains are on an immense scale, 
and involve great masses of air, many 
cubic miles in extent. Our great storm 
clouds are produced by the forced 
ascent of immense masses of air. The 
water vapor is imported, often, from 
great distances. Producing larger drops 
in place of smaller droplets, locally, is 
not the line of attack for any effective 
result. Even small drops will fall if the 
ascending currents of air are weak and 
slow. Our. general rains result from 
cooling, and continued cooling, of masses 
of air imported from a distance, and not 
from any local cause. Even if we could 
bring down, as rain, all the water in a 
great cloud mass overhead at any one 
moment, the resulting precipitation 
would be practically negligible. The 
experiments of nature which give the 
earth its beneficent rains are on far too 
vast a scale for man to deal with. 

A very recent attempt to make rain 
was reported in a press dispatch from 
Hong Kong, June 15, 1929. That city 
was suffering from a serious water fam- 
ine. The Royal Aviation Force and 
other agencies were to cooperate in 
trying to produce rain. ‘‘Two aero- 
planes will ascend,’’ so the dispatch 
read, ‘‘above the clouds and sprinkle a 
powdered chemical with a refrigerating 
effect, which it is hoped will precipitate 
the downpour.’’ A later dispatch re- 
ported the attempt as unsuccessful. 

Here we touch also the much-debated 
question of the influence of forests on 
climate, and especially on rainfall. If 
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man, by reforestation, can increase rain- 
fall, he can in this way produce a chang 


> 


in his climate. This question is one ot 
very long standing. For generations, at 
least as far back as ti time of Colum- 
bus, the belief has been held that forests 
exert far-reaching effects upon climate, 
and that, therefore, deforestation, 
whether as the result of man’s own 
efforts or because of fire, will bring 
about marked changes in climate. This 
popular notion gained great support in 
Europe at the time of the French Revo- 
lution, when there was a wide-spread 
destruction of the forest trees. So exag- 
gerated have been some of the ideas on 
this matter that, as was noted earlier in 
this article, writers have seriously main- 
tained that the cutting down of trees on 
our northern Pacifie coast has affected 
the climate of Europe. Of course, no 
intelligent person has any such idea to- 
day. Forests are merely one kind of 
surface cover, and while the climatic 
conditions within an extended forest 
may be slightly different from those in 
open country not far away, it would be 
preposterous to suppose that a forest 
climate, if there is such a thing, can be 
transported to a distant region. 

The reason for the world-wide preju- 
dice as to forest influences is somewhat 
difficult to determine. It is likely, how- 
ever, that because forests are usually 
found in regions of fairly heavy rainfall, 
it has seemed that the forests produce 
the rain. The world’s forests do grow 
where the rainfall is greater than it is 
over the grasslands and the deserts. 
Furthermore, forested areas are as a 
rule found where the humidity is higher, 
where there is more cloud and where the 
temperatures are somewhat less extreme. 

In dealing with this question, the his- 
torical method of treatment has in the 
past been very generally adopted. A 
forest once existed in a region where 
now there is no forest. Tradition, or 
historical record, establishes that fact. 


In this same region the climate is 1 
what it once was. People sav so. It is 


Mery? 2s } . | ‘ ' sy? 
iccepted as beyond a dou 


universally 
true. Hence, the removal of the forest 
produced the change in the ciimate 
rhis is a fair outline of the general run 
of the historical argument. Nothing 
here is clearly and beyond a doubt 
established. Especially in the case of a 
supposed change of climate, there is no 
instrumental reeord to prove it. Every 
thing is vague and uncertain—scientifi 
cally wholly worthless. The literature 
on the forest-climate problem is a very 
extensive one. It is interesting becaus« 
of the extraordinary variety of opinions 
which it includes and because of the 
unreliability of the evidence upon 
which the conclusions are based. Ex- 
cept for its value as an historical sur- 
vey, all the writing on this subject is 
negligible until the last few years. 
Clearly, no student of climate will, or 
should, be satisfied with any evidence in 
this matter that does not rest upon accu- 
rate instrumental records. Tradition, 
hearsay, even historical records, are 
negligible. The whole controversy in 
regard to forests and climate has, within 
the last few decades, entered upon a new 
phase. The increase of meteorological 
stations all over the worid has brought 
us instrumental records not available in 
the earlier days of this 
versy. Furthermore, in 
cially, but also in India, in Java and 
elsewhere, stations have been established 
under the forest trees, in forest clear- 
ings and in open country surrounding 
forests, for the express purpose of com- 
paring the conditions in forests and 
elsewhere. In addition, the climatic 
effects of deforestation and of reforesta- 


great contro- 


urope espe- 


tion have been studied by the most 
approved modern methods, under the 
supervision of competent scientific ob- 
servers and in connection with official 
meteorological organizations Upon 


such instrumental records, and upon 








them alone, does the climatologist rest 
his case. The speculations of former 
times have been discarded, interesting as 
many of them were. We now have 
enough definite information to enable us 
to state certain well-established facts. 
What are these facts? 

First, as to temperature. The obser- 
vations indicate very clearly that, in 
temperate zone forests, the average tem- 
perature for the year is slightly lower, 
a degree or so Fahrenheit, than that 
over open land near by. In summer, 
forests are a few degrees cooler by day, 
probably chiefly beeause of the de- 
creased evaporation and not because of 
the shade, and they are somewhat 
warmer by night. In winter, minimum 
temperatures in forests are a little 
higher than those in the open. Some 
observations in Arizona and New Mex- 
ico show that all extremes both of heat 
and of cold are somewhat modified 
under the forest trees. The differences 
as regards temperatures are clearly very 
small. In connection with this matter 
we should remember that the tempera- 
tures that we feel—the so-called ‘‘sensi- 
ble temperatures’’—by no means corre- 
spond directly to the temperatures as 
recorded on thermometers. We are 
affected, in our sensations of heat and 
cold, by many factors that do not influ- 
ence the thermometer, such as conduc- 
tion, radiation and evaporation, as well 
as by our physical condition, our cloth- 
ing, exercise, and so on. When we leave 
a hot dusty road on a summer day and 
walk through a forest we have an agree- 
able sensation of finding it cool, but it 
is not a lower air temperature that 
affects us. It is the fact that we are in 
the shade. Again, on a cold, raw, windy 
day, forests seem much warmer than the 
open, but this apparently higher tem- 
perature is not indicated by the ther- 
mometers. It is <iue chiefly to the fact 


that we are out of the wind and are 
therefore losing less heat by conduction. 
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The actual temperature differences b 
tween forests and the open are, as has 
already been indicated, slight. The 
are, in fact, too small to be felt, in most 
eases. Our sensations are not reliabl 
indices to actual temperatures. 

As regards relative humidity 
forests, the results of observation show 
clearly, as is to be expected, that the ai: 
under the trees is somewhat dampe: 
(from 5 to 10 per cent. on the average 
than that in the open, and that evapora 
tion is less, doubtless chiefly because oi 
the decreased wind movement. 

The crux of the whole forest-climat: 
controversy is in connection with th 
possible effects of forests upon rainfa!! 
Temperature, humidity and evaporation 
are but minor, perhaps almost negligib| 
factors. Here again the climatologis' 
rests his whole case upon the results o! 
observations, provided those observations 
are made with accurate instruments 
under proper supervision and exposed 
in accordance with established rules 
Such observations are available for sev- 
eral European areas. Unfortunately, 
our own country is far behind Europ: 
in this whole investigation. All th: 
earlier cases in which there were a} 
parent evidences of considerable influ- 
ences of forests upon rainfall have been 
discarded because the records were un 
reliable. The best European rain-gaug 
records now available indicate that 
forests do have an effect in increasing 
the rainfall, but only to a very slight 
degree. It is true that the rain-gaug 
readings in and close to forests show an 
excess of between 2 and 10 per cent. 0! 
the annual rainfall as compared wit 
open fields near by, and also indicate a 
slight increase as the result of reforesta- 
tion. But careful checking of the 
observations shows that much, or most, 
of this difference is due to the differenc 
in the exposure of the gauge, and whe! 
allowance is made for such instrumenta 
errors, the increase in the local rainfa!! 
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due to the forest is not more than 1 or 


2 per cent. This is, obviously, an almost 
if not entirely negligible effect. Ther: 
are those who believe that further obser- 
vations are unnecessary, and consider 
the ease closed. The majority of clima- 
tologists, however, are anxious to have 
many more observations, especially in 
the United States and in the tropies, for 
up to this time we in this country have 
contributed little toward the settlement 
of the controversy, and there is need of 
additional data from tropical forests. 
The forests of Arizona and New Mexico, 
where some observations have been 
made, seem to have no appreciable influ- 
ence on precipitation. At Marietta, 
Ohio, there are rainfall records extend- 
ing back about one hundred years, to a 
time when that district was forested. 
Yet the average precipitation of the first 
fifty years was less than 1 per cent. 
greater than the average of the last fifty 
years. 

A conservative view of the whole sit- 
uation would seem to be this. The 
question of the climatic effects of forests 
is still, to some extent, an open one. 
The available instrumental observations 
indicate slight effects, on temperature, 
humidity, evaporation, wind movement 
and rainfall, but the instrumental data 
are still few. It may be, although this 
seems very unlikely, that more wide- 
spread and more complete observational 
data will somewhat change the situation 
as it appears to-day. One thing is, how- 
ever, clear. The extravagant claims 
made by various writers in favor of 
forest conservation and of reforestation 
on the ground that forests have a very 
marked influence in increasing rainfall 
have no support in the available obser- 
vational results. This does net mean 
that we should not develop our national 
forest conservation policy, or that 


forests have no effect upon erosion and 
The relations of forestation and 
of deforestation to run-off, erosion, high 


floods. 


and low water and similar problems 


not directly concern the climatologist 
His immediate responsibi ity ceases 
when he honestly states his conclusions 


regarding forest influences on climat: 
There seems to be no possibility ot defi 
nitely establishing, or of definitely dis 
proving, the contention that deforesta 
tion on the southern Appalachians must 
bring about a decrease in rainfall over 
the eastern half of the United States. 
We are here dealing with the conditions 
of immense masses of atmosphere, over 
great distances, without the possibility 
of instrumental record. The conserva 
tive view, based on known facts of forest 
influences elsewhere, would seem to be 
against any appreciable effects of the 
kind here referred to. 

There is one other effect of trees upon 
moisture to which reference may be 
made. This is not a case of increasing 
rainfall, but of collecting water droplets 
already in the air, as the result of a gen- 
eral process of condensation with which 
the trees have nothing whatever to do. 
What I have in mind takes place where 
fogs or clouds drift through or are pres- 
ent among trees or bushes. In such 
eases, the leaves and twigs may catch 
and collect the water droplets to such an 
extent that there is actually a fog or 
cloud drip to the ground underneath the 
trees. Numerous cases of this kind are 
well known. In the dry summers of 
California, for example, in the coastal 
fog belt, the fog drip may often be seen, 
and serves to keep the soil damp and the 
vegetation green in the immediate 
vicinity of the trees. Thus, in the red 
wood district, on the immediate coast, 
the trees are often so wet that the fog 
drip is like a very light rain. The vege- 
tation on the hills of Berkeley shows 
similar, but less marked, effects. Table 
Mountain, near Cape Town, when cov- 
ered with a cloud, has a well-known 


**eloud-drip.’’ Other cases have been 





described by numerous writers on Green 
Mountain on the island of Ascension, 
and in the Hawaiian Islands. The 
‘rain tree’’ of Ferro, about which many 
stories have been told, doubtless is to be 
explained as a case of fog-drip, and the 
‘‘dew ponds’’ of the English downs are 
kept wet not by dew but by fog-drip. 
Such effects, it should be noted, are very 
local, occur only where the necessary 
elements of fog or cloud and of trees or 
shrubs are present and are not world- 
wide although they do have a certain 
local importance. 

The question: How far can man con- 
trol his climate? is, then, briefly an- 


swered as follows. We can, here and 
there, by methods developed as the 
result of experience and of study, pro- 
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tect ourselves against or prevent t 
occurrence of certain conditions whi 
are disagreeable or dangerous to us, 
are injurious to our crops. We can n 
produce rain, or change the order 
nature. But where we have succeed: 


as in frost prevention, for example, t) 
results are of very great economic sig 
nificance. That the future will bring 
further advances in the way of co 


trolling local climates is certain. Thi 


is no hope, however, of our ever being 
able to bring about any but local mod 


fications. To repeat Sir Napier Shaw 
statement: ‘‘We are lords of ev 


specimen of air which we can bottle u 


or imprison in our laboratories. .. . | 


the open air we are practically power 


less.’’ 











FRONTIERS 


By Dr. J. ARTHUR HARRIS 


DEPARTMENT OF BOTANY, 

AFTER writing Frontiers at the head 
of my first sheet I recalled that this was 
also the title of Lord Curzon’s Romanes 
Lecture about 
years ago to the young men of the an- 
‘ient University of Oxford. Lord Cur- 
zon spoke of geographic and political 
frontiers, and urged the young men of 


delivered twenty-two 


Oxford to take their part in the respon- 
sibilities of the wide-flung boundaries of 
the empire. It is more fitting and more 
pertinent to the present needs of our 

American civilization to 
frontiers of science. 

As a background for a diseussion of 
the trontiers of science it is proper to re- 
eall that the geographic frontier has been 

intil recently the most ever-present and 
compelling reality of our American his- 
tory. It is significant that Lord Curzon 
lays almost equal stress on the frontier 
as a factor in English history. 

While Lord Curzon’s vast colonial ex- 
perience has led him to treat his prob- 
lem much more as an American might 

uve done than would have other Euro- 
pean writers, there is nevertheless an un- 
mistakable difference between his treat- 
ment of the frontier and that which 
would be accorded the same title by an 
American. May I suggest that this is 
due to a difference in the European and 
the American conception of the frontier? 
In Europe they cross the frontier. In 
America we penetrate the frontier. In 
Europe they think of the defense of the 
frontier. In America we plan for its de- 
velopment. 

To the American the term frontier 
Suggests no specific geographie bound- 
ary, for the great frontier line has been 
constantly shifting. Instead, it calls to 
mind the musket, the rifle, the pack sad- 

dle and the canoe, the deep woods and 


eonsider the 
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the open prairies, the fields of frosty 
Snow and the sands or fe ited dese rts 


the seemingly limitless plains and the 


seemingly unending defiles of rugged 


mountains. Above all it recalls the fron- 


tiersman. To the American the term 
frontier implies the borderline between 
what is known and what is unknown. It 
can not be conceived of apart from those 
hardy, fearless and independent men 
who penetrated the wilderness and who 
by their daring made possible the devel- 


opment of a west and the regeneration 


of an east that was approaching deca- 
dence. 
To be sure, the frontier long ago 


moved beyond the gaps of the 


Appa- 


lachians, and the regions lying to the 


east of these barriers have largely ceased 
old 
that 


dependent 


to be conscious of the influence of the 


frontier, notwithstanding the fact 


they are in no small degree 


physically and intellectually on the new 
west which has so swiftly replaced the 
old frontier. Even west of the Missis- 


sippi it is, in our day, only the botanist, 


e geologist who have 


the zoologist and t] 
the privilege of seeing with their own 


old 


yet in a large way the forward 


something of the life of the 
frontier, 


movement of the frontier may be said to 


eyes 


have until recently dominated our na- 
tional life. 
I have referred to the development of 


the west because in 


America the great 
frontier movement has been to the west. 
In a wav indeed, been 


The 


creat westward 


‘‘the west’’ has, 
synonymous with: ‘‘the frontier.’’ 
full magnificence of the 
movement can be realized only when we 
recall that the statement that the 
ment has been toward the west is 


move- 
true 
only in the average or statistical sense. 
In detail, the movement 


was most com- 
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plicated. Along the St. Lawrence and 
over the Great Lakes the French pushed 
their canoes to the valley of the Missis- 
sippi and, with a line of outposts, cut the 
continent in two. In the southwest the 
Spanish had established their settle- 
ments on the Rio Grande and Gila and 
on the southern Pacific coast. In the 
northwest Russia had secured a foothold 
and had laid claim to a part of what is 
now California. Hence the venturesome 
vanguard of the English-speaking peo- 
ple of the Atlantic seaboard had in its 
westward movement to cut and to oblit- 
erate the frontiers established by those 
who differed in race, language and re- 
ligion. The great human tide of fron- 
tiersmen moved forward not merely over 
geographic barriers, against the force of 
great biological obstacles and against the 
resistance of primitive men, but also 
against the opposition of social and re- 
ligious prejudices engendered of historic 
political differentiation. This cutting 
and obliterating of old frontiers by the 
great westward movement has furnished 
some of the most thrilling chapters of 
our national history. 

The westward flow of the human tide 
and the transformation of our great con- 
tinent have been so rapid that the most 
of us have not yet realized its full sig- 
nificance. As compared with most of the 
changes with time in history, it has been 
almost instantaneous. The swiftness and 
magnitude of the transformation may be 
grasped when we contemplate the west- 
ern half of our continent as we see it 
to-day, and then recall that as late as the 
early years of the nineteenth century 
many thoughtful writers considered our 
possession of the entire trans-Mississippi 
region as important primarily because it 
would protect the habitable region to the 
east against the encroachment of some 
rival power. 

This may seem to be history, not sci- 
ence. It is not, however, foreign to my 
present theme. The development of our 


vast American wilderness has been due 
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in part to the hardihood of our frontiers. 
men of exploration and our pioneers « 

settlement. In large part it has been du 

to the application of the results of th: 
research of frontiersmen of science. 

Geographically, our western frontier 
has passed into history. Intellectual], 
the passage of the geographic frontier 
a loss. The exploration of the west stin 
ulated the imagination. The settlement 
of the west hardened the muscles a1 
strengthened the moral courage of our 
forebears. The resources of the west 
made possible the develcpment of ind: 
pendence of thought and action. It is 
the conviction that we must find som 
moral equivalent for the old frontier in 
our new social, intellectual and spiritua 
life that leads me to consider the fron- 
tiers of science. 

FRONTIERS OF SCIENCE 

In science as in American history th 
conception of the frontier is inseparabl 
from that of the frontiersman. In sci- 
ence as in history the frontiersman cr 
ates the frontier. 

Men of the old frontier were of th: 
most diverse sort. Many of the men in 
buckskin and homespun were mere) 
camp-followers of the real frontiersme! 
of the west. 
too closely drawn between the men of th 
old border and the frontiersmen of sci- 
ence. The frontiersman of science has in 
common with the true frontiersman 0! 
the American wilderness an unconquer- 
able desire to penetrate the unknown, 
the courage to follow an individual vi- 
sion and an exultation in doing t! 
things which others know can not be 
done. 

Not all the lines of Kipling’s ‘‘The 


+ 


Explorer’’ measure up to the title, but 


two of the eighteen verses seem to me t 
describe graphically the scientific fron- 


tiersman as well as the frontiersman of 


the geographic border. 


‘*There’s no sense in going further— 
it’s the edge of cultivation,’’ 


The analogy must not be 
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So they said, and I believed it 
broke my land and sowed my crop 

Built my barns and strung my fences 
in the little border station 

Tucked away below the foothills 
where the trails run out and stop. 


Till a voice, as bad as Conscience, 
rang interminable changes 
On one everlasting Whisper 
day and night repeated—so: 
‘“Something hidden. Go and find it. 
Go and look behir 
Something lost behind the Ranges. 


1 the Ranges 


Lost and waiting for you. Go!’’ 

Not all men trained in the routine of 
scientific research can be frontiersmen 
of science, but only those who have the 
rare capacity to hear the one everlasting 
whisper, day and night repeated, so: 

Something hidden. Go and find it. 

Go and look behind the Ranges 
Something lost behind the Ranges. 

Lost and waiting 


for you. Go! 


To those who do hear and who are 
willing to make the necessary sacrifices 
the possible frontiers are boundless. 

It seems to be worth while to classify 
some of the frontiers as they exist to- 
day. In a few years, the advances of 
science may have been such that a new 
group of frontiers will be open. 


THE Osvious FRONTIERS OF SCIENCE 


The most evident frontiers of science 
are those associated with the frontiers of 
geographic exploration. When the word 
‘“‘unexplored’’ occurred frequently on 
the maps of the world, men of science 
often experienced the hardships of the 
wilderness. They were frontiersmen 
both physically and intellectually. 

The Golden Age of Science that pro- 
duced Darwin and his eminent contem- 
poraries was an age of geographic ex- 
ploration—an age when frontiersmen be- 
gan to create frontiers in the forests, 
deserts and swamps of North and South 
America and of the Dark Continent. 
Geography, geology and the natural his- 
tory of plants, animals and man were 


tneir ad nant interest tis vn 
lief that elr discoveries ound 
influence in stimulating res n other 
bral enes oO Scelence 

i so b eve tf t Tf Ss ius the 
sclentife exploration of our own wester! 
Y nt } ry ls ] Y rt ¥ * +7 it Yr ; 
ro le! as piayvea a pal ni Lully Teal 
zed in our own intellectua! development 
Kk . nnla » 1] ‘ MeN tyr. +7 7 Yr 
or example, only a century and a qual 
ter ago Lewis and Clark set out on the 


great expedition which opened vast areas 
of the west to scientific 
More significant than the fact that their 
letter of authorization was drawn by th« 
president of the United States in | 
was the interest of the American peopk 
A study ol the 


erature ot our western exploration ol a 


in their explorations. 


century ago furnishes indications of a 
publie interest in science the significance 
of which has, I think, not been 
preciated 

Lack of time precludes the listing of 


the naturalists and geologists who with 


~ 


he fur-traders, with Custer or other 
military leaders, with the wagon road 
or the railroad exploring parties or alon 
with their own blankets and rifles braved 
the hardships of our western frontiers in 
Their 


work was simple, but it was fundamen 


search of scientific knowledge. 


tal. The details of their contributions 
have long been covered with dust, but 
their interest in research and their 

complishments under difficulties fired 
the enthusiasm of their contemporaries. 
They were few in number, but their 


spirit of adventurous research still lives 
in men of to-day who could trace their 
intellectual inheritance to the scientific 
frontiersmen of the early days 


physical and 


The ineidents of the 
moral courage of the naturalists of our 
old frontier would make 


chapter in the history of 


an inspiring 
science. Let 
one example which illustrates leadership 
John Wesley 
Powell knew that the Grand Canyon of 
the Colorado should be explored. He 
might have left the task for some man 


as well as courage suffice. 








with two usable arms, since he had only 
one. But when he had led the main 
party as far as they could go without en- 
trusting themselves to boats on a voyage 
through the unknowable perils of the 
chasm, his men placed strength of moral 
courage above the strength of physical 
completeness and every member volun- 
teered to accompany the leader who had 
sacrificed one arm in the service of his 
country and was willing to risk his life 
in the service of science. 

With the passing of our geographic 
frontier, the physical pioneering on our 
own continent was largely completed. 
We shall never again have living and 
working within our own border such an 
honorable list of naturalists of the blazed 
trail as that which might be written for 
the past century. 

But what of our responsibility for the 
wildernesses of South America, the 
islands of the Pacific and the great scien- 
tifically unexplored regions of Asia. In 
the attack on these obvious frontiers 
more than exploration is necessary. A 
group of able men in the museums and 
herbaria is essential. Notwithstanding 
our national wealth we are but pitifully 
equipped in such specialists. Great col- 
lections must go to Europe for study, 
because we have not the trained men. 
This is a serious state of affairs for 
American science. The first results of 
biological exploration become the types 
or standards to which all later specimens 
must be directly or indirectly referred. 
If these remain in America, we have the 
bases for great developments in the fu- 
ture. If we allow them to go elsewhere, 
our future stndents must go to Europe 
to study what our own explorers have 
collected. Some of our industries are 
now suffering because of our lack of fore- 
sight in developing our knowledge of the 
biological resources of little-explored re- 
gions. Our prestige in South America 
and in the Pacific will suffer if we do not 
recognize our opportunity. 
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FRONTIERS OF LABORATORY SCIENCE 

But frontiers of science are not neces 
sarily associated with geographie fro: 
tiers. Willard Gibbs, moving quietl 
unknown and unnoticed, among his a 
demically prominent associates of Ya 
was as truly a pioneer as Daniel Boon 
or Kit Carson. 

As the wilderness gave way to the city 
and as the power of specialized tec! 
niques of research became known, it was 
inevitable that the laboratory should r 
place the camp. Thus while the scien. 
tific frontiers of the geographic border 
are the more obvious pioneering, it was 
inevitable that in time the achievements 
of the pioneers of the laboratory should 
come to be the more widely recognized 

The building of laboratory walls about 
the scientist merely widened his scientifi 
frontiers. He refused to look at the | 
walls—he saw only the vision of the wil! 
derness of problems which he might try | 
to solve with new equipment. His prow- | 
ess has been unbounded. 

The astronomer has analyzed the heav- | 
enly bodies as well as charted their posi- 
tions at present and determined their 
courses for the future. The physicist 
has enabled us to hear the voices of our 
friends across a continent and to look at 
the shattered bones of our bodies throug! 
our flesh. On one frontier the chemist 
has sought and found new elements; on 
another he has formulated the behavior 
of ions in solution; on another he has 
synthesized by tens of thousands com- 
pounds which he once supposed could be 
made only by some mysterious vita! 
foree within the bodies of living or- 
ganisms. 

The biologist did not cease to be 
frontiersman when he traded in the old 
rifle or fowling-piece for the new micro- 
scope. The description of the anatomy 
of the tissues was but a prelude to the 
tracing of their development from the 
egg and the sperm. Even the egg and 
the sperm could not be taken as the be- 





ma. 
eivi 
OpE 
ear’ 
Am 
scie 
him 
Not 
evel 
the 
kno 
dep 

It 
is 0 
lose 
ope! 
mal: 
men 
the 
earl: 
The: 


orat 








ed 
out 


*o 
ln 








FRONTIERS 9 


ginning. Biological frontiersmen were 
tt satisfied until their structures and 
In the biolog- 
eal laboratory, physies and chemistry 
have been combined with delicate manip- 
lative experimentation which has be- 
come a part of every field of research on 
iving organisms. The interrelations of 
hosts and parasites, both plant and ani- 
mal, have been unraveled, with vast 
profit to mankind. 

To list again the accomplishments of 
the frontiersmen of the quiet laboratory 
would be to recount achievements which 
have become the commonplaces of the 
history of science. Instead, I would like 
to formulate some conceptions of the 
frontiers of science which are not so ap- 
parent or familiar. 


development were known. 


THE LABORATORY ON THE GEOGRAPHIC 
FRONTIER 

In the development of biological sci- 
ence there is still a great frontier which 
must be attacked before the physical 
frontier has disappeared. 

Science has lost irreparably because 
adequate collections of plants and ani- 
mals were not made before the inroads of 
civilization deprived us forever of the 
opportunity. Powell, in founding and 
carrying the burden of the Bureau of 
American Ethnology, was as truly a 
scientific pioneer as when he entrus*ed 
himself to the chasm of the Colorado. 
Notwithstanding his vision we have for- 
ever lost the opportunity of obtaining 
the full details on which an adequate 
knowledge of the American Indian must 
depend. 

It is too late to repair these losses. It 
is our duty to see to it that we do not 
lose the opportunities which are still 
open to us for work on plants and ani- 
mals in their natural habitats. Scientific 
men of our day will not be content with 
the natural history that satisfied the 
early pioneers of botany and zoology. 
They must have the precision of the lab- 
oratory. But it is clear that many of 


the most urge1 g 7 
in the field. The solution is uniqu 
simp! I’rontiersmen « ( mus 
take the methods al 
lab rat y nto the d 
| can write on tl is s ib. ct W 
viction based on my own experienc \ 
main personal botanical interest has |] 
in the investigation of the phys 
ical properties of the plant tissue fluids 
which are of importance in determining 
the distribution of natural vegetation 
Space will not pe evel su 


ficial review of the results ot the sermes 
of investigations which have extend: 
from the rain forests and coastal] deserts 
of the Island of Jamaica through th 
mesophytie, hygrophyt c ny 
habitats of North America to the Hawa 


lan rain forests. It is sufficient to say 


that the light which these studies have 
thrown upon the intrinsic factors deter 
mining the distribution of vegetati: 
has fully justified the cost in fw 
time and personal effort. 

Out of these pure science researches 
has grown the conviction that the physi 
cochemical properties of the plant tissu: 
fluids are of fundamental significance in 
determining the adaptation of agricu 
tural species and varieties for cultivation 
under varying soil and climatie condi 
I can not give here the scientific 
results of the years of study devoted to 


tions. 


agricultural] plants in our western and 
southwestern deserts. The highest per 
sonal results of these months spent with 
laboratory equipment in barns, garages, 
rotting boat-houses and in tents in the 
open air are twofold. 

First, they have led to the establish 
ment of my early convictions that the 
problems of plant geography must ulti- 
mately be written in terms of the physi- 
eal and chemical characteristies of the 
plant organism as well as in the history 
and physical factors of the environment, 
and that these results obtained in the 


pursuit of pure science may be of human 
importance when applied to agriculture. 








Second, they have driven home to me 
the conviction that one must seize such 
opportunities before it is too late. A 
few days ago I rode swiftly over splen- 
did boulevards through the golf courses 
and past the great hotels and luxurious 
mansions of a southern city which has 
buried and obliterated for all time the 
swamp and the strand serub through 
which I pushed my way with machete 
and knapsack only a few years ago. My 
notes contain all that will ever be known 
concerning certain features of the vege- 
tation. 

In scientific candor let us admit that 
this case is extreme. In equal candor let 
us recall that all over our national do- 
main changes in natural conditions are 
swiftly taking place, and let frontiers- 
men take the methods of the laboratory 
into the field before it is too late. 


THE FRONTIERS OF THE INTERFACES OF 
THE SCIENCES 


As Americans we conceive of the fron- 
tier as the fringe between the mapped 
and the unexplored. In science the 
frontier is not merely the boundary be- 
tween the known and the unknown in 
any great and formally recognized 
branch of research. It may be the inter- 
face of two highly developed sciences. 
Here I am tempted to illustrate by anal- 
ogy. Oil and water shaken together re- 
main oil and water still. Each has its 
own chemical composition, and within 
the three dimensions of space oecupied 
by each substance as such each has its 
own physical properties. But at the in- 
numerable surfaces where the oil and 
the water come into contact special 
physical forces are in operation. Fur- 
thermore, if some substances which are 
soluble in the two liquids—oil and 
water—be added to their respective sol- 
vents before they are shaken together to 
disperse one liquid as fine droplets 
throughout the other, these dissolved 
substances appear to behave in a very 
orderly way at the frontiers of the re- 
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’ 


spective solvents. Such phenomena at 
not limited to the surface of contact « 


the two liquids. They are found to son 

extent whenever a solution comes in co 

tact with the walls of a beaker, or wit 

the air above. This multitude of pro! 

lems was seareely thought of a few years 
ago. Technically they are known as t! 

problems of the interface. They might 
as well be called the problems of t! 

frontiers of the solutions. 

Now in the development and differe: 
tiation of science new fields are apt to bi 
opened up by some imaginative leader 
by some frontiersman of science. Others 
contribute details. A new terminolog 
is developed and the science congresses 
are like the latter days of the Tower o 
Babel. The high specialization necessary 
in any branch of science isolates it for a 
time from other branches. Intensive d 
velopment creates frontiers or barriers 
This isolation has always been present in 
science. There was a time when astron 
omy was largely independent of physics 
and of chemistry, when chemistry had no 
bonds with physics and when biolog; 
had no place for either physics or chem 
istry. In our day the great sciences 
tend to break up into highly specialized 
fields. Theoretical physics has its own 
language. Genetics seeks an independent 
status. 

An inevitable result of specialization 
is that after a time the development of a 
given branch of science seems to its 
workers to be at an end. But this is th: 
very moment when the problems of tl 
interface must be attacked. Physics 
must be brought to the service of astron- 
omy, chemistry and biology. Chemistry 
must find its way into biology. Morpho 
ogy must be considered in the light of 
physiology. The physiologist must draw 
upon physics and chemistry, and must 
wake up to the fact that his science is no 
science at all if structure as well as fun: 
tion is not taken into account. 

I like to think of scientific research as 
a problem in dimensions. Any sing! 
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method or any narrow field of speciali- 
zation may be considered one-dimen 
sional. Thus if two different methods 
be employed the investigator is working 
in two dimensions. 

One-dimensional research has been so 
fruitful in the past that we have over 
glorified the importance of specializa- 
tion. It often happens that the results 
yf specialized research do not attain 
their fullest importance until they art 
considered in connection with the results 
from a quite different field. 

For example, hybridization was di 
veloped as an independent field of scien- 
tific research. When I was a student, 
cytology was being hailed as the newest 
line of specialization—the highest refine- 
ment of anatomy or morphology. But 
cytology might now be a rather obscure 
phase of biological science were it not 
for the fact that students of genetics ar 
seeking to find in physical structure some 
basis for the interpretation of the results 
of experiments in hybridization. Thus 
genetics must develop with due regard to 
the dimensions of two formerly inde 
pendent fields of specialization. 

If three lines of specialization are in- 
volved the solution of problems becomes 
three-dimensional. For example, Wil- 
liam Bateson raged when W. F. R. Wel- 
don ventured to caleulate probable 
errors for the sacred results of Gregor 
Mendel. Now it is only the high and 
mighty in genetics who can disregard 
such criticism of the significance of their 
results. Genetics is developing in three 
dimensions—experimental hybridization, 
cytology and mathematical analysis. 

Each new field of intensive specializa- 
tion merely adds one more to the num- 
ber of dimensions which must be consid- 
ered by those who are working on the 
frontiers of the formerly independent 
branches of science and striving to bring 
unity out of chaos. 

Let us draw another illustration of a 
somewhat different kind from the sci- 
ence of botany. Suppose that we con- 


Ay 

side! e mappi stribu 
the veg tion o e eal We I 
the plants a1 stribu ver su 
ice OL Tt ear | 1S 
wou seem quite sin 1 
currence ot species | Ips 
two dimensions of space 

Sui i veg t m weve 
irgely meaningless unless we tak to 
account the differences emp re 
W re associated with é yn 
bove sea-level and wit aistance om 
the equator This adds another spac 
dimension to our map. Again, the dé 
grees of longitude and latitude and the 
contoul ines of the map rhe f ; 
rapher give no informati concerning 
the physical and chemical properti 
and wate “ ent o S( These 
properties are o indamental impor 
tance in determining plant distribution 
Thus t dimensions of water content 
physical properties and chemical compo 
sition of the soil must be sealed on our 
map as additional dimensions. Our map 
has, in short, changed from stribu 
tion In two-dimensional spi t 
in many-dimensional spac 

But even the foregoing dimensions art 
not adequate. The earth’s crust is not 
Statice. It is subject to perpetu ‘ inge 
which affects the distribution of plants 
Conversely, the vegetation determines in 
some measure the changes which take 
place in the physiographic features 
The physical and biologica stems ar 
not independent but intimately interr 


lated. 


Furthermore. livir 


g plant species 
are the present-day descendants of floras 
of ancient times. The distribution o 
the present is not independent of that of 
the past No map will convey an ad 
quate picture unless all these dimensions 
of time are represented. 

This illustration has been drawn 1 
for the purpose of depicting the com 
plexity of botanical problems but to 


show the many lines ot 


the various sciences Ge 


ology, 


physics, chemistry 


‘ 


I 


etwee! 
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ogy all have lines of contact in the ade- 
quate mapping of vegetation. Along all 
these interfaces between botany and the 
other sciences there is room for pioneer 
work. 

The fruitfulness of research on these 
frontiers which represent the borderlines 
of different sciences is perhaps best illus- 
trated by the frontier where biology and 
mathematies meet. It is but relatively a 
few years since these sciences were gen- 
erally supposed to have nothing at all in 
common. Mathematies had found its 
place in astronomy, physics and chem- 
istry, and these were known as the exact 
sciences. Biology, on the other hand, 
was called a descriptive science. 

It is needless to say that the fron- 
tiersman who had the courage to assert 
that biological research must be prose- 
euted by mathematical methods had to 
contend against the most determined and 
bigoted opposition. Support was re- 
fused. Publication space was denied. 
Results were ignored or misrepresented. 
Mathematical biologists were criticized 
on the ground that the problems which 
they considered were not biological prob- 
lems at all, the critics thereby evidenc- 
ing their own incapacity to grasp the 
real possibilities of biological research. 
As work on the development of mathe- 
matical theory adequate for dealing with 
biological problems has advanced the bio- 
logical problems themselves have wid- 
ened. 

The accomplishments of mathematics 
in biology have been so great and so 
varied that we dare not enter on the task 
of a review. For nearly thirty years I 
have not been particularly interested in 
any one specific biological problem. I 
have been interested in what I have felt 
was the more important problem, i.e., 
the problem of the method of solving 
biological problems. During this time I 
have never come into contact with any 
biological investigation which could not 
be at least supplemented by mathemat- 
ical methods. Prophecy is always dan- 


gerous, but I would like to be written 
down as having said that no biologica! 
problem of significance wi!l be found in 
which mathematical methods of deserip- 
tion and analysis wiil not ultimately b 
applied. 

Biometry is entering a far broader 
field of influence. It early became a 
factor in psychology. It must ulti- 
mately contribute what is quantitative in 
sociology. Physics is now using the same 
theories of probability as those which 
underlay the development of mathemat- 
ical biology. Pure mathematics is begin- 
ning to feel the influence of the mathe- 
maties developed for biological applica- 
tion. Finally, the philosophy which un- 
derlies the mathematical theory which 
has been developed for biological re- 
search is now beginning to influence our 
outlook on all scientific research. 


FRONTIERS OF THE APPLICATION OF 
SCIENTIFIC RESEARCH 


I have tried to show that the frontiers 
of science are not limited to the geo- 
graphically regional, nor yet to the outer 
fringe of a single highly developed lab- 
oratory science. There are new frontiers 
of research to be created by those who 
have the fortitude to take the methods 
of the laboratory into the wilderness. 
Finally, there are vast frontiers of the 
highest promise for those who can mas- 
ter the perplexities of the interfaces be- 
tween our established branches of sci- 
cnee, thus making it possible to write 
our knowledge of the universe in fewer 
but more comprehensive equations. 

But the frontiers of science are not 
limited to the boundary line between the 
surveyed and the unblazed in a specific 
field of research, nor to the undetermined 
relationships between two or more highly 
developed fields of research. The fron- 
tiersman of science may traverse either 
of these wildernesses for the exultation 
of seeing and recording what has not be- 
fore been seen or of grasping and for- 
mulating relationships not heretofore 
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eonceived. On the other hand, he may 
be fired with the idea that in the last 
analysis science has a human service to 
render. 

There are frontiers of application of 
science to human welfare as well as 
frontiers of research. 

It is worth while to consider first the 
so-called fields of practical application. 
Economie application would perhaps be 
a better term, for those things which 
count for the enlightenment and intel- 
lectual inspiration of mankind are quite 
as practical as those which contribute to 
physical comfort. 

Since it is impossible to list all the 
frontiers of the application of the re- 
sults of scientific research, it will be in- 
teresting to consider some of the new 
frontiers of application which have been 
created by the movement of the van- 
guard of population across the conti- 
nent. Such new frontiers have been cre- 
ated by every stage of social development 
which has followed the penetration of 
the wilderness. 

The pioneer was prodigal in his waste 
of natural resourees. To his view the 
horizon of natural wealth was boundless. 
Why should he conserve the forests when 
no one knew their extent? Why fer- 
tilize the acre when a new acre of virgin 
soil could be cleared to replace the one 
exhausted of its fertility? Why think 
of the future of the range when cattle 
and sheep by the hundreds of thousands 
pastured at public expense meant pri- 
vate gain? 

The need of these resources which we 
begin to feel to-day will become acute in 
the future. But the replacement of for- 
ests, the restoration of the fertility of 
the soil, the rehabilitation of our range 
and the reduction of dangers from floods 
due to the disturbance of natural condi- 
tions are not to be accomplished by the 
appointment of commissions of politi- 
cians with highly paid secretaries and 
budgets for inspection of the work of 
similar commissions in other states. They 
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the uncurbed exploitati n of our pn 


nat 
resources by the vanguard of settlement. 


Our growth has been so rapid on the 
scale of time as conceived by he his- 
torian that the blue smoke from the 
cabin chimney in the clearing had hardly 
faded away before the black cloud from 
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the smokestack sifted its grime over t!] 


cottages of the laborers in the mines and 
the mills. Centers of population grew 
apace and solid blocks of grain and or 
chard were required to load the trains 
that carried food from areas where it 
could be grown to the industrial centers 
where it might be consumed The old 
frontiers of human settlement thus vai 

ished, but new frontiers of scientific ap- 
The or- 


chards and crops that were free of dis 


plication sprang into being. 


ease when grown in the isolated patches 
of the settler became the paradise of fun- 
gus and insect when grown in solid 
blocks of miles. Food deteriorated « 


perished in transit. Paragraphs woul 
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be required to list the specific biological 
problems which have been created by 
urban development. Epidemics swept 


led cities, and means of preven- 
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of the physies and physiology of vision 
forced themselves upon the attention of 
the investigator. 

Noble work has been done, but trails 
have hardly been broken in many of the 
new frontiers for the application of sci- 
ence created by the needs of new and 
ever-changing conditions. 

FRONTIERS OF SCIENTIFIC EDUCATION 

The frontiers of science are not lim- 
ited to research and to the application of 
the results of research. There are also 
frontiers of scientific education. I do 
not refer to the technique of science 
teaching, but to the greater problem of 
making science a more important factor 
in our future economic, intellectual and 
social life. 

One such frontier is the enlightenment 
of the public as to the significance of pure 
and applied science. It is too generally 
assumed that applied science is of human 
value, while pure science is of merely 
academic interest. Those who hold this 
view are blind to two great principles. 

First, science has an intellectual sig- 
nificance in the development of our eul- 
ture which is independent of its material 
contribution to our comfort. 

Second, the actual relationship be- 
tween pure and applied science is such 
that pure science research lays the foun- 
dations for application. Scientific men 
are often urged to prune the many- 
branched tree of research in order that it 
may bring forth the fruits of practical 
accomplishment more abundantly. Those 
who recommend the  pruning-knife 
should understand that if it is applied 
to pure science it will be the roots which 
nourish the whole tree that are lopped 
off. 

Another frontier for those who feel the 
eall of scientific education is that of a 
serious and sympathetic attack on the old 
idea that science lacks esthetic value— 
that science is unimaginative, if not 
sordid. Science has by virtue of its 


practical human service taken its place 
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alongside the humanities, but there ar: 
still those who feel that it is not one ot 
the humanities. They assert that science 
must be humanized. 

if science were valuable only as it 
makes two blades of grass to grow where 
but one grew before, only as it gives us 
the results of the election before the 
dawn of the day after the ballots ar 
cast instead of a month later, only as it 
distributes the latest syneopation from 
the grill room to drown out meditation 
by our firesides, I might agree that 
science has not won its place among th 
humanities. But it is only the super- 
ficial observer who fails to see the beauty 
in science beneath the mechanism and 
the detail. 

Two familiar cases will serve to illus 
trate. 

I do not know whether the discovery 
of Neptune has carried with it any prac- 
tical advantage to mankind, but to me 
the location of an unknown planet by 
mathematical reasoning and the experi- 
mental verification of the deductions by 
the telescope is far more dramatic than 
anything which we know in literature. 

It is fortunate for the United States 
that we have in our own boundaries the 
richest known supply of helium. It is 
practically important that the wells be 
capped and the precious non-explosive 
gas be conserved. But the importance 
of the existence of helium in quantities 
sufficient for aerial navigation dwindles 
into insignificance in comparison with 
the intellectual value of the fact that 
science made it possible to discover 
helium in the sun before it was found on 
the earth. That helium could be de- 
tected in the sun before it was found on 
the earth makes us as human beings 
worthy to look down on the earth as we 
fly through the clouds. 

One may define humanities in such a 
way as to include or to exclude whatever 
one likes. Those who care to do so may 
exclude from the humanities the inspi- 
ration of the discovery of Neptune, of 
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helium, of radium, or of the formulation 
of the idea of the orderly development of 
the biological universe. Whether science 
belongs to the humanities or not, the 
equation for human physical develop 
ment, human inheritance and human be 
havior must be written in the terms of 
quantitative science 

In all these things there is the highes 
esthetic value—the beauty of magnificent 


+ 


orderliness. 

To be sure, many have not the capacity 
to see the beauty beneath the apparent 
confusion of detail, but for those who do 
science can have no benumbing influenc 
on the esthetic faculties. 

Darwin’s words have been so often 
quoted that it would be superfluous to 
repeat them were it not for the fact that 
I wish to preach a new sermon on the 
old text. In 1876 he wrote: 


I have said that in one respect my mind has 
changed during the last twenty or thirty years. 
Up to the age of thirty, or beyond it, poetry of 
many kinds... gave n great pleasure and 
even as a schoolboy I took intense delight in 
Shakespeare, especially in the historical plays. 
I have aiso said that formerly pictures gave 
me considerable, and music very great delight. 
But now for many years I can not endure to 
read a line of poetry: I have tried lately to read 
Shakespeare, and found it so intolerably dull 
that it nauseated me. I have also almost lost 
my taste for pictures or music. Music generally 
sets me thinking too energetically on what I 
have been at work on, instead of giving m¢ 
pleasure. I retain some taste for fine scenery, 
but it does not eause me the exquisite delight 
which it formerly did. On the other hand, 
novels which are works of the imagination, 
though not of a very high order, have been for 
years a wonderful relief and pleasure to 
me. 

This curious and lamentable loss of the higher 
aesthetic tastes is all the odder, as books of his 
tory, biographies and travels (Independently of 
any scientific facts which they may contain), 
and essays on all sorts of subjects interest me as 
much as they ever did. My mind seems to have 
become a kind of machine for grinding general 
laws out of large collections of facts, but why 
this should have caused the atrophy of that part 
of the brain alone, on which the higher tastes 
depend, I can not conceive. A man with a mind 
more highly organized or better constituted than 
mine, would not, I suppose, have thus suffered; 
and if I had to live my life again, I would have 
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Thoughtless writers do not stop to in 


quire whether men who spend their years 
in business or even in pursuit of the fine 


arts derive as much pleasure from paint 


Ings, music and poetry when tney are 
nearly seventy as when they were 
twenty-five years of ag They merely 
quote Darwin’s words to show the ban 

‘ul effect of scientifie work on the higher 


esthetic faculties. Admitting for the 


sake of argument that Darwin’s self-ap 
raisal of his loss of interest in music, 
ainting, poetry and natural scenery 
may have been correct, a quite d 
ferent explanation appeals to me as be 
ng the more sound. To me the explana 
tion seems to be that Darwin’s own 
great philosophical generalizations over 
shadowed in esthetic magnificence the 
poetry and the music and the scenery 
which gave him pleasure in his youth. 

And even if Darwin was wholly right 
in his evaluation of his ‘‘loss of the 
higher aesthetic tastes’’ was not his loss 
the world’s gain? Hundreds of millions 
in each generation may seek to preserve 
the enjoyment of all their faculties. It 
is oniy a great intellectual frontiersman 
who ean give the world a great gener- 
alization which has influenced all modern 
thought. 


THE SACRIFICE OF THE FRONTIERSMAN 


It would not be right to close this brief 


survey of the many frontiers of science 
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which call for men of vision and deter- 
mination without emphasizing the fact 
that the frontiersman of science must 
encounter great personal hardships and 
bitter personal disappointments. The 
frontiersman like the prophet may be 
without honor in his own country or in 
his own generation. In science as in 


geographic exploration it sometimes 
turns out that the Christopher Columbus 
is in disfavor while the Amerigo 


Vespucci gives his name to the Great 
Discovery. 

By way of comparison it is desirable 
to recall the sacrifices which the pioneer 
of our west made in exploring and open- 
ing to trade and settlement that part of 
our national domain. Since all that can 
be done is to illustrate, let us take a few 
lines from the journal of one whom we 
may designate as ‘‘the unknown fron- 
tiersman.’’ In 1827 he found at a trad- 
ing-post those who could give him in- 
formation concerning his old compan- 
ions. 

Here I met again some of the companions 
who came with me in the first instance from the 
United States. I enquired about others whom 
I held in kind remembrance. Some had died by 
lingering diseases and others by the fatal ball 
and arrow, so that out of 116 men, who came 
from the United States in 1824, there were not 
more than sixteen alive. Most of the fallen 
were as true men, and as brave as ever fired a 
rifle, and yet in these remote and foreign parts 
found not even the benefit of a grave, but left 
their bodies to be torn by the wild beasts or 
mangled by the Indians. 


Later, as he took passage from Vera 
Cruz, he wrote with simplicity but with 
unconscious eloquence of his seven years 
of failure: 

It would be idle for me to attempt to de- 
scribe the feelings that welled in my heart, as 
the sails filled to bear me from the shores of a 
country, where I had seen and suffered so much. 
My dreams of success in these parts considered 
most important by my fellow men, were banished 
forever. After all my endurance of toil, hunger, 


thirst and imprisonment, aft.r encountering the 
fiercest wild beasts in these deserts, and fiercer 
men, after tracing streams before unmeasured 
and uncharted by any of my race to their source 
over rugged and pathless mountains, subject 


to every species of danger, want and misery 
for seven years, it seemed hard to be indebted 
to Charity, however kind and considerate it 
might be, for the means of returning to my 
native land, 


It is not uncommon to find such ex- 
pressions of disappointment in those who 
have been frontiersmen in _ science. 
Gregor Mendel, after years of painstak- 
ing work, would say hopefully or sadly, 
‘*Meine Zeit wird bald kommen.’’ But 
it did not come until long after the 
eandles burned about the bier of the old 
abbot. I have already quoted Darwin's 
words, and while I am not at all sur 
that he was right in his self-judgment, 
they at least indicate some of the per- 
sonal sacrifice which he felt he had made 
when he found that he had so lost the 
eapacity for relaxation that he felt im- 
pelled to write, ‘‘My mind seems to have 
become a kind of machine for grinding 
general laws out of large collections of 
facts.’’ 

It is needless to multiply illustrations. 
Kipling has, I think, caught and fittingly 
expressed the sense of disappointment 
of the old explorer who heard the 
whisper, ‘‘Something lost behind the 
Ranges. Lost and waiting for you. 
Jo!’’ After all his sacrifices and hard- 
ships he says: 

Well I know who’ll take the credit— 
all the clever chaps that followed— 
Came, a dozen men together— 
never knew my desert fears; 
Tracked me by the camps I’d quitted, 
used the water-holes I’d hellowed, 


They ’ll go back and do the talking. 
They’ll be called the Pioncers! 


They will find my sites of townships— 
not the cities that I set there. 
They will rediscover rivers— 
not my rivers heard at night. 
By my own old marks and bearings 
they will show me how to get there, 
By the lonely cairns I builded 
they will guide my feet aright. 


These words ring true for the scien- 
tific frontiersman as for the explorer, 
for the frontiersman of science is an ex- 
plorer. The frontiersman of science is 
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in advance of his time. He must first of 
all contend with those who Say : 
‘‘There’s no sense in going further 
it’s the edge of cultivation.’ 


’ 


He must often go beyond the ranges 
without support and under opposition. 
When he does succeed, it will often have 
been at a cost of effort which will lead 
him to look back on the deserts he has 
erossed and to say with Kipling’s ‘‘ Ex- 
plorer’ 

I remember going crazy. 

I remember that I knew it 

When I heard myself hallooing 

to the funny folk I saw, 

Very full of dreams that desert: 

but my two legs took me through it 

And I used to watch ’em moving 

with the toes all black and raw. 

And when he has traversed the great 
region beyond the foothills, he may have 
been so much in advance of his time that 
all the water-holes he hollowed, all the 
lonely cairns he builded will be forgotten 
by the clever chaps that follow. They’ll 
be called the Pioneers. 

All these things must be the lot of the 
real frontiersman of science. But the 
vast frontiers of science await—frontiers 
wider and deeper than any conceived by 
the geographer of the great era of ex- 
ploration; frontiers on the exploration 
of which our future economic, intellec- 
tual and social development depends. 


THE NEED FOR FRONTIERSMEN OF 
SCIENCE 

If I seem extreme in my views, con- 
sider what Lord Curzon had to say 
twenty-two years ago concerning the in- 
fluence of geographic frontiers on the 
development of Anglo-Saxon character. 
Of the evolution of the character of the 
American people as conditioned by their 
westward march across the continent he 
said: 

In no land and upon no people are the evi- 
dences more plainly stamped. Not till the 
mountains were left behind and the American 
pioneers began to push across the trackless 
plains, did America cease to be English and be- 
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century Marcher Lords. The breath of the 
Frontier has entered into their nostrils and in- 
fused their being. ... The Frontier officer 
takes his life in his hands; for there may await 
him either the knife of the Pathan fanatic, or 
the more deadly fevers of the African swamp. 
But the risk is the last thing of which he takes 


account. He feels that the honour of his coun- 


try is in his hands. I am one of those who 
hold that in this large atmosphere, on the 


outskirts of Empire, where the machine is rela- 
tively impotent and the individual is strong, 
is to be found an ennobling and invigorating 
stimulus for our youth, saving them alike from 
the corroding ease and the morbid excitements 
of Western civilization. To our ancient Uni- 
versities, revivified and reinspired, I look to play 
their part in this national service. 


Our western frontier has passed into 
history. With it has gone one of the 
forces which developed our national char- 
For it we must find some equiva- 
lent. We have not the wide-flung fron- 
tiers of the British Empire. We must 
make ours the responsibility for other 
frontiers of our own creation. The 


acter. 


wilderness of opportunity lies all about 
us. Geographically, 


the world is 
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mapped ; biologically, it is largely unex 
plored. The natural history of plants 
and animals is partly known; the appl 

eation of methods of precision to thes 
problems is scarcely begun. Individu 

branches of science are highly developed 
the unification of the sciences is a visi 

still to be realized. The application of t] 

results of pure science research has trans 
formed our industrial life; more exte: 

sive results still await 
Biological resources have been exploit 

in the past; they must be conserved, di 

veloped or replaced through scientific 
research in the future. Science has cor 

tributed enormously to our physical com 
fort; the scientific method of thought 
still fails to influence the personal lives 
of the mass of our citizens. We await 
only frontiersmen to create the new fro 

tiers beyond the foothills where the trails 
run out and stop. I venture to thin! 
that in the manifold frontiers of science 
we shall find one of the means of meet 
ing the moral needs of our time. 
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VEGETATION AND EROSION ON THE 
EVERGLADE KEYS 


By Dr. JOHN K. SMALL 


He traveler in southern Florida = shrubs tieular 
ts two strikingly different associa annu nd perennial herbs 
s of trees and shrubs The Vv are the often fire-swept “ 
ewoods and the hammocks soil, sand or ro . 
[he pinewoods or pinelandsof Florida void o mus. As a res 
near!v level areas of greater or less fires and an impoverished s 
xtent, the high pinelands are dry and no tall growth as t 
ften somewhat rolling; the low pine which do not requir MUS as 
nds where the water-table is always leaved trees 
ir the surface are often ealled ‘* flat The hammock—the Ol 
woods’” heeause of the flatness of the Indian origin IS a dens r} 
ind They are composed, according mostly broad leaved trees at a 


to locality or region, of one or another Sometimes hammock growt! 
of the several long-leaf pines. The un whole circumscribed portion of 


dergrowth consists of  saw-palmetto, formation; at other times 
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EROSION PRODUCED BY MAINLY HUMUS-ACCUMULATION 


ON AN ORIGINALLY FLAT SURFACE IN THE SNAPPER CREEK HAMMOCK SOUTH OF MIAMI. 
EVEN COMPOSITION OF THE OOLITIC ROCK IS INDICATED BY 


IN THE PRESENT-DAY 


WHICH HELPS TO CONTINUE THE EROSION WHICH IS NOW 


THE LIMESTONE MAY 


NUMEROUS STRATA ARE QUITE EVIDENT. 


STRATIFIED CHARACTER OF 
THE 


as an island, so to speak, surrounded 
by pinewoods or prairie. It was for- 
merly confused with the word hummock, 
a topographic term. Hammocks occur 
only in regions protected from fire, or 
in fire-ravaged regions they represent 
areas that fire has not vet run through. 
The hammoek ean not be correlated with 


altitude or with subsoil, for beneath the 


humus, resulting from the decaying 
vegetable matter, may be sand, clay, 
marl or rock. The use of the word is 


confined mostly to Florida and adjacent 
states. 

The pinelands predominate in extent 
The hammocks are infrequent, 
and 


of area. 
usually relatively small, isolated. 
They are, however, really very signif- 
icant. 

The 


ciations merely as so many woody plants 


casual observer sees these ASSo- 


HAMMOCKS ARE MOSTLY EMPTY 
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THE wv? 


THE EROSION CAVITIES. THESE CAVITIES 


OR ONLY PARTLY FILLED WITH LIGHT HUMUS 


ACTIVE JUST AS IT WAS FORMERLY. TH 


E SEEN ON THE SIDES OF THE CAVITIES WHER 


of diverse characters growing in groups 
noticing, of course, the great disere) 
the 
main 


aney in relative extent of area 
the The 


eareful observer, however, realizing th 


two associations. mor 
there must be some reason for the pres 
ent disproportion of the two associations 
seeks to learn if the hammocks have bee 
advancing, a) 
The hammo« 
the 
exceptio 


and are retreating or 
the therefor. 


is spontaneously 


reasons 
used as 

perhaps the 
Yet it is also the more prominent featu 


vaug 


because it is 


beeause of the monotonous landsea) 
furnished by the endless pinewoo 
Even the more careful observer, ho 


ever, may not appreciate the situati 
fully or grasp the fundamental problen 

What 
area, now known as the Everglade Ke 
at, say, the time man appeared on 1 


was the tree-covering of t! 
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hammock or was 
Was its 


getation composed of some ratio of 


ne? Was it all 
all pinewoods? arboreous 
‘th associations as we find them to-day 
considering this question one must 
egin with the period following that in 
hich the materials of the Miami oolite 
id been laid down and cemented to- 
‘ther on the bottom of the sea, that is 
say, when the islands thus resulting 
ere clothed 
ous vegetation. Are the 


with their earliest arbor 
elements of 
the present herbaceous and woody plant 
overing mainly the direct or indirect 
descendants of this early vegetation? 
Of course, the land may have been, 
then or later, much more elevated above 
the sea than at the present time. How- 
ever, such elevation would apparently 
be of minor importance in the present 
connection. The general surface of our 
region could not, in any case, have been 
much lower, once the forests were estab 
lished, else the islands would have been 


surrounding 


submerged by the salt- 


water and original vegetation ‘‘drowned 
out.’’ On the other hand, it is certain 
that the present kind of plant-covering 
could have existed on a much more ele- 
vated plateau, even up to an altitude as 
high as the available indi- 
cates the region once actually attained. 


evidence 


Moreover, if, after the existing vegeta- 
tion had much 
expect to 


depression 
find 
isolated 


developed, 
would 
shore plants now 


occurred, one 
coastwise or 
in at least some places in the interior 
where but little elevation now obtains; 
It is true that the 
and the 


do grow ata 


but such are lacking. 
red-mangrove Rhizophora 
buttonwood 


few places rather remote from the pres 


Conocarpus 


ent shore-line of the peninsula, but their 


presence wherever they have been 


found is easily accounted for otherwise 
When and how 


consideration was elevated, however, or 


much the area under 
how much it was depressed, does not, as 
we have already intimated, complicate 
the present problem. 
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Three geologic areas are here involved 
These also cireumseribe thre: 
geographic areas They ur 

I. The upper Florida Kevs which ar 
composed of coral-rock and extend fron 
Soldier Key for a distance of about one 


miles to the West 
Harbor 


for the most part vrreatly 


hundred and twenty 
Summerland or Spanish 
The islands are 
elongated and with the long axis i 


following the genera 


curve 


the adjacent mainland The limeston 


mainly an unchanged fossil cora 


for the 


largest 


named island, the Key 


Largo limestone 

Il. The lower Florida Keys are a nat 
ural group of islands extending from No 
Name Key and Little 
westerly direction for a distance of 


West The 


of this group are composed oT 


Pine Key in a 
about 
forty miles to Key islands 
oolitie 
limestone, and although irregular in 
shape, the long axis is nearly north and 
south, thus also differing from those of 


The 


known as Key 


limestone 1s 
West lime 


island 


the previous group 
technically 
stone, named for the best-known 
of the group. 


lil. The 


Miami Limestone Region, an area of ex 


Everglade Keys or the 


posed oolitic limestone, is the region with 


which we are directly concerned. It 


consists of a chain of islands enclosed 


by the southern portion of the Ever 
clades, except where some of the islands 
come in contact with the upper part of 


Bay Biscayne The chan stretches in 


erescent form from somewhat north of 
the Miami River southward towards 
Cay Sable for a distance ot hout 1 

five miles. The islands in ancient times 


apparently formed a part of the Antilles 


This was at a time when the subte 
ranean mountain whose summit makes 
the present peninsula of Florida was less 
elevated and the islands. themselves less 


eroded The native vegetation Ol Tie 
islands 1s essentially of a tropical char 


onships 


acter. with strong re! 


flora of Cuba and of the Bahamas \s 
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EROSION PRODUCED BY I 


ON AN ORIGINALLY FLAT SURFACE NOW IN THE PINELANDS IN THE 


THERE TOO (COMPARE FIRST FIGURE) THE UNEVEN 
THE EROSION CAVITIES. 
IN THE HAMMOCKS, AS SEEN IN THE FIRST FIGl 


PRESENT PINELANDS WERE HAMMOCK. 
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{UMUS-ACCUMULATION 
NORTHERN PART OF MIAMI, 
COMPOSITION OF THE LIMESTONE IS SHOWN BY 


THE RESULTS OF EROSION IN THE PINELANDS IS QUITE SIMILAR TO THA’ 


RE, FOR THE EROSION TOOK PLACE WHEN THI 


HAMMOCK WAS DESTROYED THE PINE-TREES RI 


PLACED THE BROAD-LEAVED TREES AND THE CAVITIES WERE GRADUALLY FILLED WITH PIECES OF ROCK 


AND SAND. THEY ARE THUS USUALLY UNNOTICEI 


THE CASE OF THIS FIGURE, THERE THE STRATIFII 


rHE NUMEROUS LAYERS. 


far as the native flora is concerned the 


Everglade Keys represent a_ small 
tropical area isolated on the mainland 
of the United States. The 
are wet prairie covered with saw-grass 


and 


Everglades 
Varise Ws jamatee msis devoid of 
trees, except where hummocks of soil or 
rock project high enough above the 
flood-level to permit trees to exist and 
thus support hammock or pineland. 

The islands are made up of an oolitic 
This 


about 


limestone called the Miami oolite. 


formation extends northward 
fifty miles north of the Miami River—as 
far as the Palm Beach limestone, but for 
this distance it is mostly covered with a 
layer of siliceous sand and humus. On 


the east the limestone runs out into the 


> UNLESS THE DEBRIS HAS BEEN REMOVED AS 


D CHARACTER OF THE LIMESTONI S EVIDENT 


Atlantic Ocean as far as the Gul 


Stream; on the west it dips under the 


Everglades, while on the south and 


southwest it joins with the Lossman’s 


River limestone. The Everglade Keys 
represent the more elevated portions 0} 
this oolite They are, however, but 

fraction of this limestone formation 


The keys vary greatly in size, from 
small plot to one many square miles 
Their latest 
later 


extent. aerial existence 
Pleistocene or e@al 


The 


is probably much older than the Ke 


dates from 


post-Pleistocene times. formatio! 


Largo limestone. It gives evidence o 
more movement, up and down, than do 
the latter. 


The average elevation of the Everglad 
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evs is only a few feet, but it is sut 
‘ient to enable the islands to support 
almost entirely different flora 


at of the contiguous territory. 


from 
What 


er elevations or depressions took place 


; uring Pleistocene or post-Pleistocene 
mes, moreover, the minimum elevation 
: ere also was apparently sufficient—in 


some areas, at least to maintain a con 





inuous plant-covering. 
The Everglade Keys, as they exist to 


ay, are slightly higher than their en 


Set, Aetna 2 — 


irons, either land or water. They have 
been isolated for a long period of time, 
during which their general height or 
that of the aerial parts has been much 
reduced. Their floristies are unique in 
Florida. If the 


was higher at 


southern end of the 
one time, and 
flora of the 


vreater 


peninsula 
the present characteristic 
Everglade Keys did oceupy a 
area than it does now, the eventual sub 
obliterated all : 


Hora bevond its present sharply defined 


sidence traces of thi 


limits 


first, the most recent rock 


in Florida of an 
This is the Key Largo 


Consider, 
formation extensive 
and definite area. 
formation built up on a 


(‘on 


limestone—a 
foundation on the Florida reef or 


tinental Shelf. The Key Largo lime 
stone comprises the upper Florida Keys 
extending from Soldier Key to Bahia 
Honda Key and a little further west 
ward along the fronts of several of the 
’ oolitic limestone key s. Nowhere else is 


5 the Key Largo limestone present. It 
| was evidently the last definite and iso 
| lated geological formation in Florida to 
; have been forested. Likewise, it was, 
perhaps, the latest to be inhabited by 
primitive man. 

Its vegetation is related to that of the 
younger West Indian islands, whence its 
ancestors may have been derived. Until 
the present century, apparently, it had 
been little changed either by nature or 


and 





by man. The flora is a simple one, 
shows much 


fluence from the advent of other floras 


less variety and less in- 


EVERGLADE 


KEYS 


tl ¢ lowe! 


glade Kevs 
Without exception tl slands of tl 

upper Florida Kevs are clothed wit 
broad-leaved plants or hammock Not 
a native pine-tree grows” ther Mh 
vegetation has apparently been undis 
turbed on most of the islands excep 
modern cultivation and residential pm 
poses and more recent railroad const 


tion and automobile-road building 
Natural forest fires in prehiston 
times were apparently very rar he 
rapid reforesting and long spells bi 
tween fires coupled with tl SO] vl 
isolated position of the islands | , 
vented a different characte) i re 


sociation fi 


have recent fires, incident to s ng al 
cultivation, had time to change the 
woody flora perceptibly, except to ad 
prive it of primeval stateliness 

Even if the upper kevs re oO 
tively recent origin, they would prob 


ably have been settled and utilized 


from gaining toothold No 


some of the aborigines had tl ey possessed 


game and 


an abundance ot 


food plants or areas Inviting cultivatior 


Then their vegetation to-day would have 


As it was, whe 


told a different story 


the white man discovered 


islands were essentially in their prime 
condition 


That the flora of the Everglade Kev 


cle sirabl 


them these 


and the upper Florida Keys had _ the 


same origin, or that that of the fon 
was derived, in part at least, from tl 
other, is clear, beecauss rhe in 
flora of the two regions, parti irl | 


woodyv elements the herbaceous ¥¢ 


ments in the hammocks are ra 
slenificant 
proportions with regard to 
ever, are 
stated, the upper 
unbroken hammoc!l 
tion of the area of the Everglade Key 


on the 


other hand, 1s clothed with pine 
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EROSION PRODUCED BY ATMOSPHERIC ACTION 
THE PICTURE REPRESENTS THE RESULT OF WEATHERING ON A 


AND THE GROWTH OF VEGETATION. 


SURFACE, PERPENDICULAR OR HORIZONTAL, OF A 


THIS CASE THE OVAL WIND-WORN PARTICLES OF CALCIUM CARBONATE 


GETHER INTO AN AMORPHOUS MASS, WHICH 


MASS OF NON-STRATIFIED OOLITIC LIMESTONE. IN 
HAVE BEEN CEMENTED TO 


OCCASIONALLY CONTAINS FRAGMENTS OF CORALS 


PIECES OF SHELLS AND OTHER DEBRIS. TH® EROSION BRINGS OUT THE EXTREME LACK OF UNI 


FORMITY OF THE DEPOSITED MATERIAL. 


woods, and hammock growth is now 


relatively insignificant in area. 

In comparing the vegetation of the 
two areas under consideration, the ques- 
tion naturally arises as to whether or 
not the Everglade Keys were once en- 
clothed 
lorida 


what caused the retreat of the hammocks 


tirels with hammock, as the 


upper Keys are now. If so, 


and the advent of the pinewoods ? 
When and whence did the pine-trees 
come? 


There seems to be little doubt that the 


Everglade Keys were originally ham- 
The circumstantial evidence 


present 


mock-clad 
to support this theory is the 
practically undisturbed primeval vege- 
tation of the neighboring and younger 
geological formation, the upper Florida 
Keys. The more direct evidence in sup- 
port of this theory is the type of sur- 
rock all 
This theory does not 


face erosion of the over the 


Everglade Keys. 


apparently appeal to the average super- 


ficial observer, for it will appear to hi 
that the erosion in the hammock is quit 
different from that in the pinewoods 
Let us consider this matter of erosio1 
In the undisturbed hammocks, as we fin 
them now, is a rock floor covered wit 
loose humus. The carbonie acid and tl! 
humus colloids from this deeaying veg 
table matter which has accumulated f¢ 
ages, plus rain and eapillary 
and general humidity, have graduall 
eaten away the softer portions of t! 
limestone. The resulting condition is 
copiously honeycombed hammock floo 
the cavities varying from the size of 
thimble to that of a 
depth of the larger holes dependin 


small house, tl] 
upon the elevation of the hammock floo 
above the normal water-table. The sam 
condition prevails in the pinewoods. | 
rare instances is the condition visibli 
except where the surface débris has be« 
in some way removed, but it does exis 


everywhere. 


moisturs 
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oolite some 


n the Miami 
as were composed of nearly pure lime 


parts or 
cium carbonate Other areas con- 
sted of a mixture of lime and siliceous 
nd. and of other matter that was 
wn or washed in while the limestone 
Appar- 
tly ithe major portion of the limestone 


rmation was being built up. 


the Everglade islands comprises such 
That most of the rock of the 
nelands has a large percentage of sand 


mixture. 


its make-up has been determined both 
by analysis and by observation. The 
disintegration of the limestone is brought 
about through atmospheric or 
other superficial agencies. First, by the 
slow but continuous working of the ele- 
ments; second, by the more rapid action 


largely 


of fire. 

Specimens of quicklime made from the 
oolite gathered in different areas of the 
Everglade Keys will give two main re- 
sults upon slaking after a fire. In the 
one case, but little residue is left; in the 


other, more or less sand results. In the 
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pinewoods themselves, after a 
one may find quantities of quicklime 
particularly where logs or stumps have 
been burned causing great heat for a 
protracted time. Observations on these 
specimens of quicklime after a rain will 
show that either the slaked lime leaves 
behind searcely any residue or that a 


if often red sand has been lef 


quantity 
behind 


kind of clay has 


This red sand mixed with a 
accumulated in 
f the 


Keys to such an extent that the 


erosion holes on one Everglade 
region 
has been designated ‘‘the Redlands dis 
trict,” whenee Redlands Post Office, 
Redlands School, and the ** Redlands 
County’’ hoped for by some 

But here is the point: If one removes 
the loose material from the rock floor 
almost anywhere in the pinewoods, he 
will disclose a system of erosion holes, 
or, in other words, a honeyeombed sur 
face quite similar to that he finds in the 
hammocks. In the hammocks the smaller 


holes are largely filled with loose humus; 





EROSION PRODUCED BY WATER 
PERCOLATING ALONG THE LESS RESISTANT STRATA. 


A SECTION OF LIMESTONE FROM ABO 


FEET BELOW THE SURFACE IN THE PINELANDS IN THE NORTHERN PART OF MIAMI AT A POINT ABO 


THREE MILES FROM THE EVERGLADES AND ONE MILE FROM THE SHORE OF Bay BISCAYN! 
THE ARTIFICIAL SECTION WAS MADE, WATER WAS 


FLOWING RAPIDLY THROUGH THE HORIZONTAI 


CAVITIES MADE BY THE LEACHING OUT OF THE SOFTER LAYERS OF THE STRATIFIED DEPOSIT OF LIME 


STONE. 
GLADES. 


THIS ILLUSTRATES ONE OF THE SUBTERRANEAN OUTLETS OF THE WATERS OF THE EVER 
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EROSION 


THE PERPENDICULAR FACE OF A FAULT ALONG B 


STRUCTURE: BELOW, WELL-STRATIFIED; 


ING UNCONFORMITY WITHIN THE STRATIFIED ROCK. 


rwoO TYPES OF ROCK IS EMPHASIZED BY THE EROS 


in the pinewoods the holes are filled with 


sand and other slowly soluble matter 
that has come out of a less pure lime- 
stone. Furthermore, the rock floor un- 
der the sediment in Bay Biscayne shows 
the same This 


condition is an indication that the land 


characteristic erosion. 
there was, at a former period, more ele 
vated. However, there is a certain dif- 
ference evident. The surface leaching in 
the pinelands and under Bay Biseayne 
was long ago much retarded or essen- 
hammock 
find 


hammocks 


tially stopped, while in the 


areas it eontinued. Hence, we 
holes in the 


difference in the 


larger erosion 
than 


quantity of erosion is quite noticeable in 


elsewhere. A 


high hammocks and low hammocks. In 


PRODUCED BY ATMOSPHERIC 


ABOVE, NON-STRATIFIED. IN 


ACTION AND VEGETATION 


AY BISCAYNE, SHOWING TWO KINDS OF RO‘ 
ADDITION, THERE IS A STRII 
THE DIFFERENCE IN STRUCTURE BETWEEN TI! 


ION WHICH HAS TAKEN PLACE. 


the former. where water does not stan 
the process of erosion is slower and wv 


find small erosion holes, wells and pits 


in the low hammocks when water stands 


part of the year we find benches, tables 
Ther 


fore, the surface erosion of the limest 


pulpits and urn-like structures. 


floor, whether in hammock, in pinewoo: 
or under Bay Biscayne as we find it 
day, is practically identical 
Reverting now from natural forces 
to speak, and considering those broug 
to bear by man, generally stated, th 
forces appeared after geologic dist 


had 


meteoric 


bances sufficiently subsided, 


favorable conditions had p: 


mitted the land to be forested with 


primeval hammock. If the human 





| rn 


Oe ee 











a 











eer 


“rt aR 





found during the several 


Vero be 


ains past 


ars at authentic, man in 


ibited the Florida peninsula during the 


leistocene. 
ecided geologic changes were still in 
But even then vegetation had 
land, 
well as the sea 


rogress. 
loubtless become well fixed on the 
nd the 
bounded in animal life. 


wilderness as 
There is plenty 
f cireumstantial evidence of this, espe- 
ally in the coastal regions of the pen 
nsula. The aborigines of Florida and 
the Caribs of the West 
vere acquainted with the Florida Keys 
Florida 


where game also abounded, man left his 


Indies doubtless 


as well. On the lower Keys, 


record. But. as mentioned above. the 
upper Florida Keys did not offer a hunt 
ing-ground for the red man or much 
vegetation in the way of subsistence, so 
he passed them by—and their hammocks 
still remain to show his little interest in 
those islands.’ 

In its primitive condition, the coastal 
regions of the peninsula with their la 
goons abounding in mollusks and their 
hammocks copiously stocked with birds 
and mammals and useful plants, partic 
ularly the coontie (Zamia 


primitive man with all the food he could 


furnished 


desire. Then, too, the more tempered 
climate of the 
him toward the 


region doubtless attracted 
southern end of the 
peninsula. 

A portion of the Everglade Keys 
now the Deering hammock at Cutler—has 
from times been desig 


early historie 


nated on various maps as the Indian 


hunting-grounds. Perhaps this designa 
tion should more properly be assigned to 
At any rate, 
the whole region, and the Big Cypress 


the whole limestone region. 


Swamp to the westward, was the last 
stand of the game of the state. Only 
the recent advent of the white man has 


1As far as we know, the only evidences of 
aboriginal occupation on the upper keys are tw 
small Indian mounds near the middle of Key 
L rgo. 


= 


EVERGLADE 


He appeared, in fact, while 


KEYS 4 
caused this part of the sta St S 
right to the title of ‘**hunting-grounds 

ly any Cast when the borigines 
first occupied the Everglade Keys, tl 
doubtless found them clothed with han 
mock Through the mode of life fe 
lowed by these first inhabitants forest 
fires were started and were uncontrolled 
Later, without doubt. the aborigines pu 
posely set fire to the hammocks in ordet 


to drive the game into the open places 


thus facilitating their primitive means of 


hunting game. Fire, in fact, has r 

mained an important and regrettable ad 

junet of the chase in Florida ever sinc 

The savage white man may sometimes 
he see? practising it to-da' 


Thus large areas of hammock were di 


stroved Each fire. we are safe In as 
suming, pushed the hammock farthe 
back, Just as it continues to do to-day 


The first fire would destroy most of t! 
humus on the ground, and succeeding 
fires would make the work of devast 
tion complete 

Moreover, the honeyvcombed rock, be 


ing already burned and weaken: 


fire. was exposed to the 


limestone that was thoroughly burned 
was slaked with the first rain Phe 
siliceous sand, the unslaked ragmenil 
of limestone and other firm mat ils 
would fall out Thus by degrees th 


honeveombed flood ol the one-time han 


mock lost its character by the breaking 


down ot the edges ol ePTOSIO! eS 
and the filling up Of the cavities The 
process continued until to day Tew would 
suspect that the floor of the pinewoods 1s 


to a great extent quite similar to that 


the hammocks—often, indeed, it was o1 
ginally the floor of a hammoc! only that 
Its characteristic PTOSION 1S dden trom 


view bv the accumulation f débris result 


ing largely from the effects of repeated 


fires through a long period of time 


The aborig nes nat rally Started res 
at different points Cone ire aiter al 
other not only pushed the edge of the 








EROSION 
THE 


PRODUCED 


COMBINED WITH GROWTH OF FERNS 


EROSION HOLE IN 


A ONE TIME SOFTER LARGE MASS OF 


HERE THE 
PRECEDING FIGURE 


rHE WALLS. STRATIFIED PHASE 


OF THE NEXT AS BROUGHT BY 


ROCK, BOTH BY ITS GROSS AND MINUTE STRUCTI 


OF FERNS. 
hammock back, but, burning unevenly, a 
fire or a series of fires finally isolated 
the Often 
such isolated bits of hammock persisted. 


parts of hammock growth. 
In other words, the condition existing on 
the Everglade Keys to-day then had its 
beginning. The fires continued, and in 
place of a dense broad-leaved forest like 
that on the upper Florida Keys, clothing 
the islands, the country became open and 
often the land was bare. The remaining 
hammocks naturally tended to reforest 
the regions, just as they are doing to- 
day, but the lack of humus would cause 
a stunted and the next fire 


quickly would obliterate what had been 


growth 


accomplished in the way of reforesting. 

But there had been developed plants 
that were fire-proof, so to speak, just for 
The seeds of the Carib- 
bean-pine (Pinus caribaea 


such regions. 
made to be 
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BY 
AND OTHER 
4 HAMMOCK IN THE ‘‘ HOMESTEAD’’ 
LIMESTONE SURROUNDED BY 


LIES 


RE, 


ATMOSPHERIC 
THE 

THE 
A HARDER MASS WHICH NOW 


ACTION 


PLANTS. PERPENDICULAR SIDE OF AN 


DISTRICT. EROSION HOLE REPRESENTS 
FORMS 
ABOVE 
THE 


YIELDS 


THE NON-STRATIFIED ONE (THE REVERS! 


RESULTS OF THE EROSION. THE STRATIFIED 


BETTER FOOTHOLD FOR THE GROW 


rHE 


from 
sprouted 


transported by the wind, blew in 


the West 


The first generation of a single locality 


nearest Indies and 


may have survived and its descendants 
spread, or the pine may have started i 
different places. At any rate, the seed 
ling pine-trees after several years of w 
interrupted growth will survive fire, and 
when a little older they are norma 
perfectly fire-proof. Thus the pinewoods 
were developed and have spread as tl 
hammock retreated. 

Other plants resistant to fire appear 
Two kinds are particularly abundant 
and conspicuous in the flora of the pi 
lands to-day. The coontie (Zamia 
eyead, as represented by several spec! 
plentiful. Its 


large storage organ, is subterranean a! 


is exceedingly stem, 


Zamia is an inte 
from 


thus safe from fire. 


esting plant, viewed any ang 
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Zamia 
ve in and confined to the 
Florida. It 
the Everglade Keys 


’ 


ere is a kind of coontie medi 
hammocks 
hammocks 


but it is not 


curs in the 


entiful—at least not at the present 
me It is one of the few hammock 
ants with a subterranean storage or 


ill. This makes the plants not only 


fe from permanent injury, but also 
revents the species from being extermi 
ited. 


When the 
wed by fire 


hammock areas were ra\ 
and the plant-association 
this 


species may have survived and adapted 


later entirely changed in character, 


tself to a wholly mew environment, and 
the 
into another species, ages later, namely, 


under new environment developed 


DIFFERENTIAL 


KEYS 


sury ed necessitv adapted itselt 
il ( ind eX posed rr ? ? 
Stead ¢ l Tt Shad i I 
ti S nved sr I S ! l 
Phe I iithie! ind mol t s 
im T ~ } T 0 | ~ tT) 
}») riod j \ fit SV pt 

Thi mmock eoont , pir 
eoon}t ( ( Ser\ rel pu ~ 
I neit] 

l { OT { ne! Vs ic! i 
; Pon + af — y ; 
tion from a set standard. The charact: 
are constant The spec #S may re Se 


rated not only by characters of the 


florescence. but more readily by e} 
acter ot thie leaves 


dently brought about 


different environments 





EROSION 


IN A LOW AREA IN THE DEERING HAMMOCK, CUTLER. AT A REMOT! it iE SOFT RO I P 
WAS GREATLY IN EXCESS OF THE HARD. THE HARDER ROK Ss NO EPRESI D ONLY PY E Ol 
CONIC CORE. THE TOP OF THE CORE WAS ONCE THE LEVEL OF THE HAMMOCK FLOO! IN TH 
AREA THE STRATUM CONCERNED IS ALL UNSTRATIFIED NUMEROUS OCK-VASES,. URN PULP 
TABLES, SHELVING, PEDESTALS, CANYONS, CAVES, TUNNELS AND NA {AL BRIDGES OF Or 
OCCUR IN THIS AND SIMILAR LOW HAMMOCKS, THE SURF s 0 ( Ss Hi } 


ISTIC ROCK HONEYCOMB OR ‘‘ FILIGREE-WORK.’’ 
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A NATURAL ARCH—BRIDGI 
STREAM AND THE PERIODIC FLOOD WATERS—WH 
BEEN ERODED AWAY. THIS ARCH HAS CARRIED 
COUNTRY WAS SETTLED BY THE WHITE MAN. 

FOR THERE ARE EVIDENCES OF MUCH ABORIGINAL 
MIDDENS, VILLAGE SITES AND BURIAL-MOUNDS. 


ARCH WERE ADDED IN RECENT YEARS. 


The primitive species (Zamia media 
being a shade-loving plant, has soft tis- 
sues, few leaves and large leaflets. On 
account of its subterranean stem it sur- 
vived the fire-wrecked hammocek-associa 
tion, but its form and quantity of leaf 
age were not adapted to its new environ- 
ment. In the pinewoods the plant had 
about the same moisture supply—«eapil 
lary water—as it did in the hammock, 
but in additton it had copious and direct 
sunlight. So, in order to continue its 
main function—aside from reproduction 
the manufacture and storage of starch, 


the foliage was readjusted. The leaves 





were increased in number; the leaflets 
were divided up with the result of more 
leaflets with fewer veins each. and the 
tissues became firmer. And we find a 


more prolific 


more robust and much 


EROSION BY THE FLOWING OF AERIAL WATER. 
OVER ARCH CREEK NORTH OF MIAMI. THE UPPER PARTS OF 


LIMESTONE HERE HAVE SURVIVED THE AGES BOTH THE NORMAL FLOW OF THE WATERS OF 


ILE THE LESS RESISTANT MATERIAL BENEATH 
THE COUNTY ROAD, NOW A STATE ROAD, SINCI 
Ir WAS ALSO USED BY THE ABORIGINAL RED 
ACTIVITY THEREABOUTS, IN THE WAY OF 


THE CONCRETE WALLS ON EITHER SIDE OF 


plant and a greater starch-storer 
the ancestral species.” 

The hammock coontie does not 2 
in commercial quantities, but the nat 
supply of the pineland coontie has b 
drawn on both recklessly and indiser 
nately for several deeades for the m 
facture of starch in commercial q 
tities. 

The other low 


plant particu 


n the landscape of the p 


prominent 
woods is the saw palmetto Nere 
When and how it erigi 


and whence it came we do not k 


repens 


However, it is now a typical pinel 


species, and like the coontie it th 
2 The writer has plantations of t two s 
of Zamia in reversed habitats, C., tm 
mock coontie has been pl inted in the pin 
ind the pineland coontie in the hamm s 
results will be watched with much interest 
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fire. It. too, has a function aside shade resulting from the numerous bre 
m reproduction in the storage of tan leaves of the palmetto does not Ow 
‘acid in its stems. seedlings of the hammock plants to cd 
The trunks are typically closely velop, and in addit 
‘ostrate When fire-swept the plants growth adjacent to the palmettos is 
yw only blackened trunks resembling usually relatively weak and it ofte 
me large reptilian monsters, with the keeps at a distance 
arred stubs of petioles where the Second, the palmetto girdle acts as 
own once stood. After a short period _ fire-breal When the fire in t pine 
rest. however. the bud breaks forth woods meets the palm cordo spends 
| ith renewed vigor, develops a fresh itself, and seldom, unless the natura 
rown of leaves and inflorescence and growth is weak or has been interrupted 
\ 7 soon all is read) for the next fire. So or otherwise destroved, eats its wav ll 
| he process continues. the hammock If. however, the fire does 
: The saw-palmetto is not now a humus break through and burns part of th 
' loving plant, although it may formerly hammock vegetation and humus, sw 
‘ 


| S have been one. However, it often does ceeding fires will probably continue the 
erow luxuriantly around the edges of destruetion by burning away weak and 


hammocks where some humus mixed _ tinder-like vegetation that mav have r 


i 

‘i with sand seems to stimulate its growth. placed that formerly burned. Then th 
Many of the so-called homestead ham pine-trees will spring up, and that much 
mocks, southwest of Miami. are encolrn- more pine land Is added to the regio 
passed with an almost impenetrable Incidentally, the tangled mass of pros 
girdle of the saw-palmetto. This girdle’ trate, floundering and interlaced saw 
plays two important roles, opposites, palmetto trunks furnishes a favorite lair 
but each tending to keep the hammock of the diamond-back rattlesnake wl 
in status quo. First, it confines the ean thus prey either on the animals ot 
hammock, Being so dense it prevents the hammock or on those of the pine 

the encompassed shrubs and trees from woods, accord ng to his part ular desire 
pushing out into the pinewoods. The or luck 

! There are many interesting features con Thus the hammocks of the Everglade 
nected with the ‘‘fire-proof’’ plants. The gen Keys have been crowded back and eradu 
eral results of fire on vegetation are destruc allv reduced in s ze. and ther onfined 

* tive. However, the results are sometimes not "1. .: 
wholly negative. op yore —e yrvalye rheir flora IS not extensi\ It or 

, Zamia is normally simple and with a single prises mostly woods plants, almost wit 
rminal bud. In the pinelands the irritating out exception trop cal tvpes There 
effects of repeated fires cause a stem to pro- few herbaceous plants—mostly vines that 


luce additional buds which represent branches. } 
~ ; ge me“ ¢an climb in the trees and thus get su 
Plants with as many as twelve buds or branches 





. nmr . Th T ) lier 7 1 that ‘ | 
iy be found. Thus the yield of foliage and light, smaller plants - al . 
4 ut of a plant may be increased twelvefold humus epiphytic ferns, bromeliads and 
® Likewise, the saw palmetto, as in the ise of orchids and a variety of lo r flowerless 
st palms nall is but terminal bud ; 
' palms normally, h | a minal bud plants rhe herbaceous : 
hrough repeated irritations bv fire an old 
t de-lo e kinds 
rostrate stem trun will otten send out most s s] ad lc ne Kind l 
. merous branches from the spent lk af-axils wh ch perish W th the first rs Then 
hus. ag: ‘olinge and 1 t+ wiels 4 } 
us, again, the foliage and fruit vield may whole vegetable make-up s typ » that 
materially increased. Even the erect silver . 
: of insular trop'cal America 
m may sometimes be found with numerous om : 
. e pin rds on the ther hand s 
teral branches as a result of the irritating The pinelands, on . al, 4 
et of fire. they eradi ally nereased in size Pe ed 
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GROTESQUE EROSION ; 
IN A HAMMOCK NEAR MIAMI. HERE THE ONE-TIME GROUND LEVEL OR HAMMOCK FLOOR AND TI! : | 
ONE OR TWO FEET OF UNDERLYING ROCK HAVE MOSTLY DISAPPEARED. THIS TABLE OF PARTICULAR 
HARD PORTION OF THE ROCK, ALTHOUGH OF RATHER EVEN HARDNESS ON TOP, HAD SOFTER PAR 
BENEATH AS IS SHOWN BY THE NATURAL-BRIDGE OR TUNNEL MANNER OF EROSION. THE ORIGIN | 
DEPOSIT HERE WAS UNSTRATIFIED AND LIKE MOST OF THE LIMESTONE OF THE EVERGLADE Kt | 
THE MATERIAL WAS OF EOLIAN ORIGIN. 
: 
exotic elements into their flora, as well sole survivors of plants once more widely 
as developing endemie forms. In ad-_ distributed geographically or forms t! | 
dition, they have retained many of have developed locally as a result of th 
the hammock plants, but these only in peculiar environment of the region, just 
dwarfed. stunted and deformed condi- as the coontie above referred to app 
tions. Elements of the pineland flora ently came to be. 
have been derived from the West Indies Each of these elements of the pin ; 
on the south and from continental North land flora is extremely interesting 
America on the north. Herbaceous However, they are not more so than 
plants, not humus-lovers as in the ham- various hammock shrubs and trees strug 
mock, are abundant. There are annuals’ gling for existence in the pinelands. A F 
that maintain themselves in spite of the though deprived of humus, the dese 
frequent fires by dropping their seeds  dants of large forest trees of the for 
in the sand and in the rock cavities. hammock are maintaining themselves 
There are perennials that resist the fire the pinelands, but they are mere pygmies 0 
by large woody roots and rootstocks or as compared with their ancestors C 
by buried specialized storage organs, like hammock brethren. Forest trees 
those of the coontie and the saw-pal- commonly grow to a height of over f 
metto. feet in the hammocks may be for 
The present endemics are either the within a stone’s throw in the adjac ’ 
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EVERGLADE 


’ 
ana rocK must 


ewoods less than six inches tall, 
that The 


KEYS 


ilil-grown trees at trunks mer ol spl Wil Xt 
ten do not rise above the rocky floor The areas oO pinew 
nging from fear of fire, as it were, situated 1 r the centers 
ese forest pygmies develop their _ lizat d corresp 
inks wholly within the erosion holes those more recently dev 
rmerly leached out of the limestone ern ¢ivil tol ive 
en hammock clothed the region in relies of orme} mi 
stead of pinewoods, and pass their ex- oughly obliterated nt 
stence thus, sending out only a few leafy parts, W have natu 
branches in order to carry on their nee frequently subjected to 
essary life-processes. These ‘‘tre more copious growth ot 


} } ’ 
aeveioped 


trunks”’ firmly imbedded in the 
rock that in order to dislodge them thx 


are S¢ 


where In 


EROSION BY 


THE LAPPING OF SMALL WAVES ON A CLIFF, THE FACE OF A F 


ATTRITION 


ONE-TIME SHORE-LINE AT THE BASE OF THE CLIFF, NO 


CONCAVITY FORMERLY SCOURED OUT OF THE LOWER LF F 
VAVES. NEARBY THERE IS ANOTHER EXAMPLE OF EROSIO 
E CELEBRATED PUNCH-BOWL, A CIRCULAR WEI OR 
[EN THE SHORE-LINE WAS SLIGHTLY LOWER. Vy co 
' THE BOTTOM STANDS AT SU‘ \ 


a 


immock vegeta 


ew places r¢ 
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DIFFERENT 


LAL EROSION 


IN A LOW PART OF THE DEERING HAMMOCK aT CUTLER. AT THIS SPOT THERE WAS FORMERLY 
MORE HARD THAN SOFT ROCK. THIS PART OF THE HAMMOCK HAS FOR AGES BEEN SUBMERGED UI 
TO THE TOP OF THE ROCK-TABLES ONE, OR EVEN MORE TIMES, A YEAR. AT THE PRESENT TIME, AS 
FORMERLY, THE MAXIMUM HEIGHT HAVING BEEN REACHED, THE WATER RAPIDLY SUBSIDES FOR A 
TIME. SOONER OK LATER THE MORE RAPID SUBSIDENCE IS CHECKED, i.¢., THE LOWER THE WATE 
THE SLOWER THE SUBSIDENCE, HENCE THE GREATER EROSION NEAR THE BASE OF THE WALLS 0 
SIDES OF THE TABLES, FOR THE EROSIVE AGENTS ARE MORE CONCENTRATED AND HAVE A LONGER TIM! 
rO ACT ON THE ROCK. 

trees have sprung up and have main- _bonie acid and later laden with the ac 


tained themselves in spite of the fires, 
because there is never much tinder de- 
veloped about them; but even here they 
have not yet succeeded in reproducing 
themselves in such numbers that any as- 
sociation approaching a hammock has 
developed. 

It is not possible to caleulate or even 
imagine the lost 
through subsequent subsidence and ero- 
pro- 


ratio of elevation 


has been 


has been both 


erosion 
It 


aerial and subterranean, mechanical and 


sion. However, 


longed and extensive. 
chemieal. Mechanieal erosion has oper- 
ated through flowing water on the sur- 
face, by subterranean flowing water and 
by the action of the waves on the shore- 
erosion has been more 


line. Chemical 


extensive. Rain-water charged with ear- 


of decaying vegetable matter may eit 
the floor 


through rock by gravity or later rise 


stand on rock or pereolial 


capillary water. Through all these ag 


cies of reduction the limestone oradua 


gives way. 

To summarize: The evidence 
nished by the character of the suri 
erosion similar in both the hammo 
and the pinelands shows that the aneci 


he Evergla le Keys, wi 


t 
formerly hammock-clad. 


islands, how 
That they w 
formerly more elevated is evideneed 
the rock floor of Bay Biscayne show 


] 
ti 


the same character of erosion as that 
the present hammocks and _ pinelar 
The fact of this one-time elevation 


also established by the present existe: 
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weg 


} subaqueous caverns in the limestone, flora. and this mingling with suc 
’ immense stalactites which must ern plants as ve come down from 1 
| a been formed above the water-table te mperat mainland al assoclatior S 
rhe foregoing geologic history and the formed of opposing tvpes vet Ji 
: sent g ogra phie position of the Ever gether in a habitat whi s 
} le Keys have conspire d to produce an their utmost efforts for s ivi Ol 
surpassing in uniqueness anything — solid rock floor has eaused « the trees 
in the continental Un ted States to spread their roots o) ts su ‘ R 
Situated on the end of a peninsula ex they can not penetrate it. thus 
ding far into a tropic sea, they ave epipetrinous, or plants 
eived a predominance of tropical rather t n the s 
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ANCIENT TRAILS IN THE VALLEY OF THE 


CLEAR FORK, TEXAS 


By Professor ROY L. MOODIE 


SAN 4 MO \ ru) 

Tue observing traveler sees many dif trails we went to Texas St 
ferent kinds of trails. Winding over’ of these. They were the tr ait 
the sage-covered hills of western Wvo land creatures which ri 
ming he may see the wide trail of the time, geologically ancie r 
fortv-niners, where ox-teams, dragging  trail-makers themselves wet 
heavy wagons, went four abreast They tvpes ot tour-tooted 
wore down the sage brush so completely — tence 
that the overland trail is still plain, When they were making 
after half a century of disuse. At on the soft red mud th nt Pa 
places in western Kansas deep ruts of  zoiec period was drawing ts 
the old Santa Fé Trail are preserved. The time was after the closing o 
Man-made trails are everywhere. Hunt- great Coal Period, during the era 
ers follow the trails of game. But the geologists call the Permia re 

1 Photographs by Thomas L. Miller, San Permian rocks, the world 0 ire 
Diego. often a brilliant red. indie; v. Si 











THE VALLEY OF THE CLEAR FORK 


A TRIPUTARY TO THE BRAZOs RIVER, IN ITS UPPER REACHES IS MILES WID! 
TABLE-LANDS, FORMING A WELL-POPULATED AGRICULTURAL DISTRICT IN THE NOR 
TAYLOR CouNTy, TEXAS. THE DRAINAGE IS TO THE NORTH AND EAST. Two BI 


FROM THE MASSIVE, LIMESTONE-CAPPED MESA, ARE PROMINENT, EXPOSING AT 
OF ANCIENT GEOGRAPHY. THE BUTTE TO THE RIGHT IS CASTLE PEAK. AT WHOS! 
ARE FOUND THE REMNANTS OF THE ANCIENT, SHALLOW POND WITH WIDE, FLA 
CRISSCROSSED WITH MANY KINDS OF TRAILS AND STILL SHOWING ITS DEEP, M1 
OR MUD-CRACKS, RIPPLE-MARKS, RAINDROPS AND OTHER WEATHER MARKINGS 
CONTINUES TO WIDEN BITS OF ANCIENT GEOGRAPHICAL CONDITIONS ARE EXPOSED 
INTERPRETED FROM THE FRAGMENTS OF TOPOGRAPHY REMAINING. THE OBSERVE! 
FROM THE ROAD TO MERKEL, LOOKING TOWARD THE SOUTH AND EAST. 
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ANCIENT TRAILS 








TYPIFIES IN ITS DRAINAGE THE WATERSHED OF 


OF THE PEAK FLOWS NORTH AND EAST, BEING JOIN 


GULCHES OR SMALL CANYONS WHOSE SLOPES 


FOOTPRINT-BEARING PLATES. THE MOST PRO! 
COMING IN FROM THE WEST, JOINING THE DRA 
THOUGH ‘‘ FROG-TRACKS,’’ AS THE FOOTPRINTS 
CASTLE PEAK FOR MORE THAN THIRTY YEARS, YI 
EROSION TRACKS WILL BE FOUND THERE FOR 4 ‘ 


ologists tell us, that arid conditions pre 
vailed. Desert conditions were common 
Animals to survive must be of sturdy 
stock. In many favorable nooks, here 
and there, animal and plant remains 
have been found, and in such a nook we 
found the ‘‘ancient trails,’’ brought to 
the surface by erosion after having been 
preserved by overlying rocks for mil 
lions of years. The locality has been 
known for more than a quarter of a cen 
tury and a few small collections have 
been made, but nothing of note has beer 
published regarding the nature of these 
‘“aneient trails.’’ We have only the 


THE SLOPE OF CASTLE PEAK 





trails to study 


are unknown 
An attempt 


ancient bit 


situated 


rit 
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oL veoyvrTa 
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THE LEDGE OF SHALE 


ABOUT TWELVE INCHES IN THICKNESS, IS CUT I 


JP INTO IRREGULAR PENTAGONAL COLUMNS BY 


ANCIENT SUN-CRACKS WHICH FORM THE VERTICAL JOINT PLANES. ON SEPARATING THE LAYERS 


’” 


ONE OFTEN FINDS ‘* ANCIENT TRAILS AT FIVE OR MORE LEVELS, INDICATING THAT SUCCESSIVE 


LAYERS OF MUD WERE WASHED IN AFTER THE LAYER ALREADY DEPOSITED HAD DRIED OUT A LITTLE 


It SEEMS PROBABLE THAT THIS ENTIRE BED OF MU 


RAINY SEASON IN A SHALLOW POND OR MUD LAKE 
INGS FROM ADJACENT STEEP SLOPES. 


have the records of the winds, the rains, 
the slow drizzles, the ripple marks, the 
sun-eracks and the many crisscrossing 
trails. Plants rare and of 
the type of the scouring rush. These 
things we must interpret into geographi- 


were very 


cal conditions of the long ago. 

Birds and mammals did not exist dur- 
ing the Permian, and the amphibians 
and reptiles were voiceless. If we could 
have stood near the edge of this mud flat 
where the creatures left their trails the 
sounds we could hear would be few. 
The winds rustled in the rough-coated 
There might be shrill pipings 


Thunder-storms may rarely 


rushes. 
of insects. 
have been heard, and the splash of the 
rain seldom. Rocks may have clattered 
on the hills, but of the noises which we 
there The sun- 
was doubtless brilliant, and sel- 
At the foot of a 


hear now were none. 


shine 
dom veiled by clouds. 





D-SHALE WAS FORMED DURING AN EXCEPTIONAI 
WHICH WAS SUBJECTED TO SUCCESSIVE FLOOD 


nearby steep range of hills, the rar 
rains had piled up the heavier detritus 
carrying red clay in suspension to be d: 
posited on the mud flat after the lov 
gradient had slowed down the currents 
to a slow oozing of the liquid mud. As 
the slow ooze moved forward footprints 
made on the flat would be gently fille: 
and covered by the layer of red mu 
which was later, by pressure, converte 
into shale—the thin bedded shale whic! 
preserved the footprints. 

Castle Peak to-day marks the plac 
where the preceding events took plac 
It is a fitting monument for the ancie1 
records of former happenings. It mark 
the place of the fossil hunters’ paradis: 
where ancient relics by the thousan 
may be secured with a minimum of e! 
fort, for most 
folks, are lazy when there is no need t 
work. The fossil beds occur on the pro} 


fossil hunters, like oth: 
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ANCIENT 


of pleasant-mannered, agreeable peo 
All the collector needs to do is to si 

what he wants, carry several armfuls 
slabs to the 


ade and pack them away. 


nearest 
Nowhere 
se in the world does such a pleasing 
No other locality ot 


\ ields such 


track-bearing 


mbination exist. 
m'ted 
ancient trails,’’ 


extent remarkable 
and nowhere have such 
acks been found. 


he steep Slopes ol 


e peak reeall similar conditions in 
neient times when erosion by sun and 
rain supplied the red sediment for the 
pond or small lake on whose wide shores 
animals walked and crawled. 
Insects walked for short distances and 
took flight. Thousand-legged worms 
left their trails everywhere. Worms 
left their burrows and the four-footed 


ancient 


ereatures their tracks, but all went else- 


where to leave their remains to be fossil 


TRAILS ay) 


} g } eS ly 
ihe i 
, 
past ‘ y 
s l (‘astle P . 
Is resol \l S 
W ] i | 
b ed oO SS S ()vs 
shells ("re eous Ag \ ( 
ou i! is { ~S 
ping layer of limeston » th : 
ot the butte 
Lizard like reptiles nr de some of the 


trails. They were quick and nimb! 
adapted for land travel, without webbed 
feet. Their claws were sharp, and at 
places where the 
these little 


prints, 


mud was partly dry 
reptiles left only their 
claw sharply marked and easily 
Ancient salamanders, with 


recognized 


webbed feet, ventured from the shallow 


pool to leave a few characteristic foot 











THE ‘‘COLUMNS”’ OF SHALE BREAK LOOSI 


BEING UNDERMINED BY THE WEARING AWAY OF THE §& ENT RED CI , AND I 
SEPARATE READILY AND SLITHER DOWN THE SLOPE, § FASHIO 00 
FREE INTERCALATED DUST WHICH THE WIND BLOWS Ay O ~ ) 

THUS EXPOSING THE ‘‘TRAILS’’ ON THE SLABS. O oO OF . ( 

CULT TO FOLLOW A GIVEN TRAIL FOR ANY ISTAN 0 FRO 0 0 0 \ 
RECORDS ON THE CROSS-SECTIONS OF THE SHALE CO FO oO OF 
EVIDENCE. THE DARK AREAS ON THE PLATES IN iE } EI 

TLINGS AND EDGES OF LIGHTER COLOR ARE PALE GREEN 01 
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THE PIECES OF SHALE 
ON THE SLOPES OF ‘** TRAIL GULCH re BORE MANY FPOOTPRINTS OR WEATHER MARKINGS FROM WHI 


WE HAVE READ THE STORY OF THIS FAR-OFF TIME. 
ANIMALS, REPTILES AND AMPHIBIANS, OF INSECTS, 
THE WEATHER 


TRAILS OF A DOUBTFUL NATURE. 


CRACKS, DRIZZLE RUN-OFF, WIND MARKINGS AND 
ERUSH ON SOME OF THE PIECES, NOT CLEANED BY 
EVIDENCES OF ANCIENT HAPPENINGS. AS THE 
SHADOWS ONE MIGHT SEE SMALL POOTPRINTS ON SLABS MANY YARDS AWAY. 
AN EFFORT WONDERFUL SPECIMENS COULD 


HUNTER’S PARADISE, WHERE WITH SCARCELY 


OBTAINED. 


prints, entirely different from those of 
the aggressive Long-legged, 
two- and three-toed reptiles, otherwise 
unknown, left their tracks in the soft 
not other- 


reptiles. 


mud. Two-toed ani: 
wise known to have ex..i-d during the 
Permian. 

Accompanying the four-footed crea- 
tures and doubtless serving as their food 
were sharp-shinned insects, leaving a 
clearly marked trail. Centipedes and 
their relatives, the millipeds or thou- 
sand-legged worms, scurried across the 
mud, often getting into difficulties in 
the soft ooze. Soft-bodied worms left 
their tubes. The surface mud was so 
fine and soft that many minute trails 


THE FOOTPRINTS WERE TRAILS OF FOUR-LEGGED 


OF CENTIPEDES, BURROWS OF WORMS AND OTII! 


MARKINGS TOOK THE FORM OF RAINDROPS, 8S 
LOW, BROAD RIPPLE MARKS. WITH A SMA 


RECENT RAINS, ONE COULD EXPOSE INTERESTIN( 


SUN WENT TOWARD THE WEST CASTING SHARI 


THIS IS THE FOSSI 


appear, suggesting a world of life othe: 


wise unknown. Tiny tracks offer ta 
talizing subjects for speculation. 
While the drainage from Castle Pe: 


to-day is toward the north and east 


seems probable that in Permian tim 


the highlands were toward the west ai 
the drainage was toward the east a 
south. The pond or small lake exist: 
only during the wet season, and for on 


a limited time. This shallow body « 


water lay near where now is the nort! 


ern foot of Castle Peak. The mud fi: 


where the footprints were made lay b: 


tween the pond and the foot of the hil 
which furnished the sediment. 
The sun shone hotly on the expos: 


/ 
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THE THIN SHADE OF THE JUNIPER 


GAVE WELCOME RELIEF FROM THE HOT MID-SEI 
ING OF THE COLLECTION. EACH SHAI I 
TIED, THEN PACKED WITH OTHERS IN A PAPI 


CAREFULLY PACKED INTO A WOODEN SHIP Ni 


mud flat and huge sun-cracks developed, 
so deep that they cut through all the 
lavers of mud and so wide that they ar 
still evident, cutting through the entire 
bed, converting the shale into columns 
of an irregular pentagonal shape. With 
the drying up of this small area the 
animals went elsewhere to seek their 
food—possibly to an adjacent pool neat 
whose borders they continued their brief 
span of life, leaving their bodily remains 
no one knows where 

More than a dozen species of foot 
prints have been recognized, represent 
ing two types of primitive amphibians, 
and ancient reptiles. The technical de 
tails will be published elsewhere. One 
isily characterized species, originally 
escribed from the Grand Canyon of 
\rizona, is found in the Castle Peak 
ds; all the others are new to the sci- 


TRAILS 
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AND ASSOCIATED MUD FLAT ARE MARKED IN THE ROCKS BY 
AT THE PHOTOGRAPHER’S HAND THE LEDGE HAS BECOME VERY THIN, AND IT GAVE OUT 


LAYER, 
ENTIRELY A FEW FEET FARTHER TO THE RIGHT. 
GINS OF THE MUD-FLAT WERE DRIER 
SOFTER AREAS, 


ence of ichnology, as the study of fossil 
footprints is called. 

My first acquaintance with the Castle 
Peak fauna was when my good friend, 
Dr. F. C. Clark, of Santa Monica, Cali- 
fornia, showed me a collection of foot- 
prints from those beds in Texas which 
have become known as the Castle Peak 


beds. Our trip to the deposit was made 


possible through aid from the depart- 





THE MARGINS OF THE ANCIENT POND 


AND DID NOT SHOW OR 





THE SHALE 


THE ‘‘PINCHING OUT’’ OF 


FOOTPRINTS WERE RARE HERE BECAUSE THE MAR 


rAKE MARKINGS SO READILY AS THI 


ment of geology and paleontology of th 


University of Chicago, and from the Los 
The trip involved an 


Angeles Museum. 
auto ride of nearly three thousand miles 
which was made safely. 
‘‘ancient trails’’ will still 
facts to further study, and it is our hop 


vield 


to go again to Castle Peak to search out 


further evidences of these very ancient 


‘*trail-makers.”’ 
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THE ELIMINATION OF THE MALE SEX IN THE 
EVOLUTION OF SOME LOWER ANIMALS 


By Dr. 


CARNEGIE INSTITUTION, 


Sex and sexual reproduction appear 
and fundamental in 
plant and animal world—both with 

e simpler and higher forms of life 
as nutrition and respiration. 
ts differentiations are indeed some of the 
most useful characters for the study of 


ost as essential 


Sex and 


the course of evolution. In some groups 
of living organisms, ¢.g., certain insect 
and erustacean groups, the peak of dif- 
ferentiation apparently lies in the highly 
specialized secondary sexual characters. 

Every one appreciates the fact that 
the term sex implies two sexes, the female 
and the male, and that the two sexes in 
the higher forms differ profoundly not 
only in the germ glands, but in secondary 
sex structure, in physiological characters, 
even in psychological and behavior char- 
The writer wishes to point 
out in this brief paper a fact which is 
perhaps less appreciated—namely, that 
in certain groups of animals, particularly 
with 


some familiarity) the male sex has in the 


acteristies. 


the Cladocera (with which he has 
course of evolution assumed less and less 
importance until now one ean definitely 
point out that in certain forms the male 
is apparently in course of elimination 

this sex has indeed been quite eliminated 
and that this elim 
mation has ac tually prove d advantage Ous 


in a few Cladocera 
to the forms involved. 


THE ANCESTRAL TYPE 


Cladocera are a group of the lower 
crustaceans and hence may be thought 
t as cousins of the lobster and shrimp. 
They are popularly known as ‘‘water- 


s,”’ although they are quite innocent 
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of any real relation in structure or be 
havior with their unpopular names 

These small animals live in fresh-water 
lakes, ponds and puddles the world ove 
From analogy with other organisms, ws 
must believe that their ancestral form 
like most plants and animals of to-day 
reproduced entirely by sexual reprodue 
tion (Fig. 2 A). At the present tim 
however, no Cladocera forms are known 


in which sexual reproduction is the ex 
Indeed, 


] ] | 7 . " 
we shall see that sexual reproduction has 


clusive means of reproduction 


assumed a very minor role in many of 


these forms and that it, together with th: 


male sex, has been entirely dispensed 


with in some forms. 


Tue Lire History or a 


DAPHNIA; THI 

INTERMEDIATE TYP! 
A few details of the life history ot 
these animals may perhaps prove of ir 


and be 


striking 


useful in 
thy 
Many pre sent-day 6. 


terest presenting th 


situation writer wishes to 


portray. adocera, 


! 


cosmo po itan Daphn ad nule 


such as thi 
live in small temporary ponds. In gen 
atch int 
spring from sexual eggs produced by fi 
males (Fig. 1 ©) and fertilized by males 
Fig. 1 B) during the pr 


These young are a 


} 


eral, young individuals |] e early 


VIOUS Open 


season. 


emaies 


Parthe NOGENESIS 
In a few days each female becomes an 
adult 1 to 2? mm Fig. 1 A 


and lays 


in length 


. , 
she into 


produces eggs which 
her brood chamber (a cavity within the 


These eggs 


They de- 


dorsal region of the animal! 


do not require fertilization 
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FIG. 1 d 
A. Female Daphnia with parthenogenetic eggs in the brood chamb The swimming s re] 
antennae are not completely shown. On 
B. Male Daphnia. th 
C. Female Daphnia with sexual or ‘‘winter’’ eggs in the brood chamber. These egy ial) r 
are destined to be cast off in the protective egg-case or ephippium. The 
rp 
velop promptly and are discharged from able conditions, the number of eriod 
the mother’s brood chamber in forty-  scendants from a single mother and nt} 
eight hours (at 70° F.) as young females. daughters, ete., soon reaches prodig Irv a 
These young females themselves produce proportions. Of course there are may ] 
young within seven to ten days.’ Sue- tain natural checks which tend to rest lenis) 
cessive clutches of young from a given the inerease of population. Small lav 1 
mother are released each alternate day. predacious insect larvae and othe the fo 
The numbers in a elutch may reach mals, even the lowly fresh-water hy diagra 
thirty or even seventy. Under exceed- prey upon Cladocera and_ limit rhe 
ingly favorable conditions a_ single numbers so that many of them do egg in 
mother may readily produce three hun- live to produce such large numbe bviou 
dred to six hundred young, all of which young. Further, many of the p whieh 
are females and are produced partheno- which they inhabit undergo exces: S their 1 
genetically—without any male interven- evaporation and become much reduc It hat 
tion whatever. However, these ex- size. If not abnormally restriete 5 again : 
tremely favorable conditions are seldom numbers by enemies, by food supp! 5 ins e} 
completely realized in nature, although by other factors, the Cladocera po small 
they may be in laboratory cultures. tion soon becomes excessive, especial dit: 
But with even moderately favor- the pond has been subject to reees than 1 
1 These time periods refer to ordinary labora ve of 
tory temperatures (68° to 70° F. or about 20 Serual Reprodu tion 
C.). At lower temperatures the generation ‘ ; : : t 
cycle is much lengthened; at higher tempera Excessive population (which w ence } 
tures greatly shortened. refer to as ‘‘ecrowding’’) results i 
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tulation of the animals’ excretory 
cts. This accumulation of exer 
products both in nature and in 


itorv cultures results in the pro 


m ot male young from the very 


whieh under more favorable cond 


produce only females. Kxtreme 
tv of food, whieh ts also frequently 


sult of crowding, causes the females 


times apparently every temaile oOo 
opulation of many thousands) to 


we a markedly different type of egg 
s the sexual o1 so-called winter egg 
ean not Nateh unless it is fertilized 


] 
a period. sometimes tess thal 
I 


during which the sexual eggs ai 


+ 


lueed and fertilized, the entir 
wera population is often destroyed 
e stress of conditions—depletion o1 
pond, scarcity of food, the accumula 
of excretory products, ete. If the 
d does not reach complete drought o1 


} 
+ 


eplenished, a few may survive this 


xl of stress and replenish the stock 


e usual parthe nogenetie non-sex 


re product ion 


The fertilized eggs must have a rest 


{ 


period before they will hatch. This 
od may be prolonged for many 
ths during which they may becom 
or frozen without injury. They 
vy hatch in the autumn wiih the r 
nishment of the pond by rains or they 
vy remain dormant and not hateh until 


following spring. This lif evele Is 


iwrammatiecally shown in Fig. 2 B. 


The utility of the sexual or winte1 


egg in the life eyele of these animals is 


hy 


( 
| ; 


LOUS., It tides the race over a period 
ech neither the active animals nor 
r parthenogenetic eggs can survive. 
atehes when favorable conditions 
narise. Sexual eggs oecur only two 
elutch in most Cladocera and only a 
| percentage hatches, under natural 
ditions probably, in most cases, less 
1 per cent. The adaptive advan 
of the production of the sexual eggs 
time of crowded population and 
in great numbers is obvious. 
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"ELIMINATION OF THE MALE IN THE EVOLUTION OF CLADOCERA 


A-ANCESTRAL TYPE hypothetical Males in every 


C-ADVANCED TYDE a eggs almost 
- 


fertilization 





all eggs requir 


doe —_ s 
> “ a 7 
— yD —- — le? ~ le 777 a“ = ~ — 


sores tion 


fertilization 


Males once or more each year 
B-INTERMEDIATE TVDE va. most eggs do nat require 


- a 
5 le fertilization 
od @ 
Dg ™ Bg : ys le 
| Tal vi - aw lp > — ¢ - . -* +. “a _ 

-. 

”* 
Males very rare 
exclusivel 


© dévelop without fertilization 


unknown 


D-MORE ADVANCED TYDE Males totally 
all eggs develop without 








ee ae a EM OA 
* - * is 
SP ea Po Males do not occur 
E-MOsT HIGHLY SPECIALIZED TYPE ~ -. all eggs including pseudo 
e sexual winter” eggs develop 
LY . without ertilization 
> . >... <@ aaa a> . 
<_# 
FIG. 2 


A. The hypothetical ancestral type. Presumably marine and reproducing exclusively 


sexual reproduction, males occurring in every generation. 


B. The intermediate type. Lives in fresh-water ponds and temporary puddles. 
males and sexual reproduct 


thenogenesis is the prevailing method of reproduction but 


occur at one or more periods each year. 


C. The advanced type. Lives in lakes and more nearly permanent ponds. 


is almost the exclusive method of reproduction. Males and sexual reproduction occur 


under exceptional conditions of stress. 


D. The more advanced type. Lives in lakes in mild climates and perhaps in perma 
Males do not occul 


‘*B’’ above. 


marshes. Parthenogenesis is the exclusive method of reproduction. 
E. Most highly specialized type. Lives in temporary ponds like 


genesis is the exclusive method of reproduction. Males do not occur. 


that it has retained the ‘‘winter’’ egg, which, however, is here a pseudosexual egg and 
It is apparently the type 


only does not require fertilization but can not be fertilized. 


adapted for continued existence in transient ponds. 


This type is uniqui 


Parthenoge1 
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EVOLUTION OF SOME LOWER ANIMALS 


¢ unfavorable peri 

plication during 
di of the life evel 
tage since it provides 
emales and males 


ized sexual eggs when the less 


le pe riod come an { * sexXua ol 
ter egg alone ea ide mean 
continuing the race itil another 
rable period at The production 
vast numbers of sexual eggs is essen 
to the perpetuation of the race. The 
ial eggs are eaten by other ani 
ntities are smothered by débris: 

quantities become stranded on the 

rgin or the hottom of the pond, 

‘comes completely dried up, and 

carried away by wind or other agen 

es or destroyed by other means; finally, 

Inder the most favorable conditions the 


t¢ vability of these sexual egos 1S vi ry 


Or. Except for the prodis 


ious popu 
tion of these animals, which parth no 
nesis brings about in the comparatively 
brief favorable pe riod, it is difficult to 
oncelve that sufficient numbers of sexua 
eggs could be produced to insure earr\ 
ng the species over from season to sea 
Here, as in many phases of nature, 
opportunity ordinarily arises but 
Failure to utilize the opportunit) 
or the production of the fertilized sex 
ual eggs when it comes would mean de 
struction of the species in the pond in 
question. But such failure probably 
seldom occurs. These animals are so 
attuned to their ever-changing environ 
ment that the approach of unfavorable 
conditions in itself operates to bring 
about males and sexual reproduction 
Thus it appears that the rapidity of 
parthenogenetic reproduction, especially 
promoted by an all-femaie population, is 
of great advantage in enabling Cladocera 
to utilize an environment while it is 
physically available—before the pond be 
Comes dried up; and while it is biologi- 
cally available—not largely preempted 
lepleted by competing species, and 
her to provide for the timely pro- 


modifications 
modifieat ons oOo 
more briefly stated 
liscussed above 
THE ADVANCED 
these mort 

ized groups contains spec 
cephalus exrsprnosus whie 
often have males and 
than does Daphn a pul 
mediate group 
A statement 
tvpify this ‘‘advanced 
species lives in general in cleat 
and more generally permanent 
than many of the species belongin; 
group previously discussed. It 
fairly rapid reproductive raté 
some little-understood reaso 
atiains a condition of extrem: 
Possibl ther some natul 
which prevents the development 
overpopulation which so freque 
eurs in the forme) eTOUD 
readily be thi 
in their foo 
bers are | 
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itations before extreme overpopulation 
occurs. 
evidence in support of this supposition. 
However this may be, the facts remain 
that S. erspinosus on Long Island lives 
in general in ponds (1) whieh contain 
less organic matter and are much less 
filled with bacteria and other lower or- 
ganisms; (2) in ponds which are per- 
manent or more nearly permanent, and 
(3) that in our experience this species in 
nature has very rarely been found pro- 
ducing males, while we have never seen 
Yet individ- 
uals of this species may be found the 
During the entire open 


There is, indeed, some positive 


the sexual eges in nature. 


year round. 
season this species normally preduces 
following 
which a few parthenogenetic or repro- 
ductively inactive females live over 
winter under the ice and 
tive parthenogenetic reproduction again 
in the early spring. Hence this spe- 
cies in suitable ponds may apparently 
continue indefinitely by parthenogene- 
sis and entirely without males in the 
however, capable 
production 


caused to pro- 


only parthenogenetic eggs 


begin ac- 


population. It is, 
of male and sexual -egg 
and may readily be 
duce both under appropriate laboratory 
conditions (crowding of the mothers for 
male production and searcity of food for 
sexual-egg production). It may, how- 
ever, also produce both these perquisites 
for sexual reproduction in nature, else 
its recurrence in some ponds which have 
become dry during the preceding season 
is not readily accounted for. In our ex- 
perience males have been found in only 
one pond, which at the time of occurrence 
of males of S. exspinosus was heavily 
erowded with two different 
Daphnia pulex and contained moderately 
large numbers of two other species (in- 
cluding the S. exrspinosus under discus- 
The Daphnia races were produc- 


races of 


sion). 
ing vast numbers of males and sexual 
eggs at the time the less abundant species 
were found to be producing a few males. 
Probably sexual eggs of S. exspinosus 
also occurred but escaped observation, 


inasmuch as the pond became dry 
the species nevertheless reappeared 
following spring. 

The situation in brief is this. SN. 
spmosus lives under circumstances w] 
ordinarily permit it completely to 
pense with males and sexual reprod 
tion. Under exceptionally adverse 
cumstances, however, it may and d 
resort to sexual reproduction and 
the race is carried over by means of 
tilized eggs to the next period favora 
for its active life. Fig. 2 C 


tempt to diagram this life cycle. 


Is an 


THe More ApvANCED TYPE 
Another 
‘‘more advanced type,”’ 
tain laeustrine (lake-inhabiting) 
probably some marsh-inhabiting forn 


group of Cladocera, 


eonsists of ¢ 


like Bunops, which live in more temp 
These 
year round and are not known to p 
They presumably have o1 


ate climates. forms oceur 
duce males. 
non-sexual! 
The writer has had little experience w 
would be exceeding 


reproduetion 


these forms. It 
interesting to test them in laboratory Cl 


tures to see if they have lost the capacit 


for male and sexual-egg production 


THe Most HiIGHity SPECIALIZED Ty 


The height of adaptation in the e! 


(Fig. 2 D 


nation of the male is seen in a uniqu 


form of the highly polymorphie Daph: 
group found on Long Island. 
stitutes the ‘‘most highly specializ 
type (Fig. 2 E). This development 
accompanied by a special adaptation 
environmental conditions such as oc 
in small temporary ponds, like thos 
habited by the type of the ubiquit 
Daphnia pulex of the first group 

cussed. In this, the final group 
Cladocera to be discussed, not only | 
the male sex and sexual reproduct 
been eliminated but, mirabile dictu, 
been retained. Bb 
Cladocera forms 


winter egg has 
whereas in other 
winter egg is a true sexual egg and n 
be fertilized in order to develop, in 


ry 4 
rhis Col 
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form the winter egg develops without 
fertilization, 1.e., it 
gg. So complete is the structural and 


developmental 


is a pseudoserual 


resemblance ot this 
pseudosexual winter egg to the winter 
(the true sexual egg) of other known 
Cladocera forms that we at first ques- 
tioned its apparent development without 
fertilization. However, laboratory ex- 
periments demonstrated that this winter 
egg does develop, after the usual ‘‘rest- 
ing’’ period, in spite of the fact that no 
males had been present in cultures in 
which it was produced. Considerable 
search among the population in nature 
and extensive laboratory experiments 
had already failed to reveal a single male 
of this cladoceran type. We must con- 
elude that this form does not produce 
males. Males of other closely related 
Daphnia forms did not succeed in fer- 
tilizing this egg so that we conclude fur- 
ther that it can not be fertilized. Of 
still further interest is the fact (demon- 
strated by Dr. Franz Schrader, of Bryn 
Mawr Coliege) that this pseudosexual 
winter egg in its development cytologi- 
cally quite resembles the development of 
the ordinary parthenogenetic Cladocera 
Hence it is apparent that in this 
form the winter egg, with its attendant 
advantages for the carrying over of the 
race from one favorable period to an- 
other, has been retained and yet the 
male sex has been entirely eliminated. 
Cladocera happen to be better known 
to the writer than other groups of organ- 
isms. It is known, however, that among 
plants the common and very successful 
dandelion (among others) has dispensed 
with sexual reproduction. Similar ex- 
amples from the animal side are rotifers 
and plant-lice, which may have only fe- 
male population and uninterrupted 
parthenogenesis for long periods; and, 
as a more extreme case, certain gall-pro- 
ducing wasps which have only partheno- 
genetic reproduction and the male 
(which is here a rarity indeed) is quite 
funetionless, both the sexes having lost 
their sexual instincts. 


egg. 


LOWER ANIMALS 


SUMMARY 


ry ryt 
Ail} 


sexua 
come to assume 
usual role and 
have been t 
forms; it 
termediate’’ ype, mak and sex 


for the 


production have been eliminated 


greater part of the life cycle (thougl 
resulting winter eggs, do 
t} 


occur in periods of stress) ; that 
other, the n¢ 
permanent ponds, males and sexual re- 


they, with the 


‘‘advanced,’’ group 1 
production occur with rarity, the animals 
under favorable conditions being able to 
live from year to year without resort to 
the sexual or winter eggs, although the 
species still possess the capacity for male 
and sexual-egg production and do pro- 
duce these perquisites for sexual repro- 
duction on occasion; that in another, the 
‘“‘more advanced,’’ group inhabiting 
lakes which do not become dry or frozen, 
all individuals are apparently female, 
males and sexual eggs being unknown; 
and that finally we have a ‘‘ most highly 
specialized’’ type, inhabiting temporary 
ponds, which not only is without the male 
sex but asexually produces the function- 
ing winter egg which serves to carry the 
race through drought and winter. 

This restriction and even elimination 
of the male sex seems attended by certain 
advantages. These animals by the rapid 
method of parthenogenesis (1 
take advantage more quickly of a favor- 
able, perhaps transitory, environment 
and (2) are better able to meet the com- 
Furthermore, 
since females alone can produce eggs, the 
all-femal ad- 
vantage (3) for quickly utilizing favor- 
able conditions, (4) for providing vast 
numbers of females and males for the 
production of the fertilized sexual eggs, 
when the occasion arises, and (5) in the 
most highly specialized form for produc- 
ing adequate numbers of the pseudosex- 
ual winter eggs. 


are able to 


petition of other species. 


population is a decided 





REPETITION IN THE BREAKING OF HABITS 


By Professor KNIGHT DUNLAP 


THE JOHNS HOPKINS UNIVERSITY 


NEARLY two years ago I put before 
the American Association for the Ad- 
vancement of Science the outline of a 
method for dealing with undesirable 
habits, based on a theory with regard to 
the réle of repetition in habit formation: 
a theory which is almost the reverse of 
that which William James impressed 
upon American psychology so thor- 
oughly that it has been practically ac- 
cepted as axiomatic. Since publishing 
this outline,’ I have received friendly 
suggestions from various psychologists 
as to the priority of other authors in for- 
mulating the theory, but I am still un- 
able to see that any of these other 
authors would have been understood to 
have suggested the hypothesis which I 
am presently holding unless the reader 
were previously familiar with the hy- 
pothesis. The controversies over the 
function of frequency have been, so far 
as I am able to understand them, limited 
to the questions whether frequency, per 
se, is the sole factor in habit formation 
or but a primary factor among others or 
merely a minor factor. No one seems to 
have doubted that repetition per se is a 
factor. Of course, the specific question 
as to the number of repetitions does not 
enter here, for no one has ever denied 
that a single performance may in certain 
eases fix a habit. The point has been 
that it is the doing of an act which con- 
tributes to making the act habitual; and 
that if a single doing is not sufficient, 
several or many repetitions may be. 
Just what constitutes the doing of an act 
has not always been carefully scruti- 
nized, but very frequently, doing or act- 
ing has been considered naively in the 
simple physiological sense. The vogue 
of the ‘‘conditioned reflex’’ terminology, 

1 Science, 67: 360-362, April 6, 1928. 


with the accompanying amazingly naive 
selectiveness of interpretation, has inten- 
sified this unanalytie attitude on the 
part of contemporary psychologists, or 
some of them. 

In brief, I have pointed out that the 
theoretically possible réles of repetition, 
per se, in habit formation, are three, and 
I have for convenience designated them 
as the alpha-hypothesis, the beta-hypoth- 
esis and the gamma-hypothesis, respec- 
tively. Stated somewhat carefully, the 
alpha-hypothesis is as follows: ‘‘A re- 
sponse (that is, even a single response 
to a given stimulus pattern definitely in- 
creases the probability that on the re- 
currence of the same, or substantially the 
same, stimulus pattern, the same, or ap- 
proximately the same, response will oc- 
cur.’’ Stated concisely, the beta-postu- 
late is that response, in itself, has no 
effect on the probability of the same 
stimulus pattern producing the same re- 
sponse, and the gamma-postulate is that 
response decreases the probability. 
Adopting the beta-postulate as an ob- 
viously fertile one, I have therefrom 
deduced the hypothesis that repetition 
may be employed in the dissolving or 
breaking of habits as well as in the for- 
mation of habits, and by a simple com- 
parative method formulated a tentative 
method for such employment. I will no! 
repeat the details, which may be found 
in my original article along with the re- 
sults of the first attempts at application. 

Various individuals have since made 
trial of the method I suggested, some in 
consultation with me, some without. 
Their results have been as varied as 
might be expected. Technique is all-im- 
portant, and must be based on ecarefu! 
psychological analyses (not psychoanaly- 
ses) of the cases. My surmise that dil- 
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ferent ages of patient and different types 
of habit require different techniques is 
apparently verified. Dr. Blanche Weill 
seems to be attaining success in the treat- 
ment of enuresis in children; others have 
been discouraged after a few trials. The 
technique with this particular habit 
seems still erude. Dr. John Bentley has 
achieved remarkable success with a 
croup of confirmed finger-nail biters of 
eollege ages. A few weeks of practice 
for a few minutes a day suffice to let the 
nails grow out to normal length and the 
habit is broken; but the patients being 
then left to themselves, many relapse, as 
might be expected. The follow-up treat- 
ment for this type of case is manifestly 
of great importance. For many types of 
ease, the scales of frequency, duration 
and character of follow-up practice need 
to be worked out. 

Thumb-sucking, in four- and five-year- 
old children, yields interesting results in 
the few cases where the method has been 
applied. The children grasp the method 
and seem to understand its purpose. 
Strong obstacles develop; the child de- 
vises ingenious methods of diverting its 
attention from the important details dur- 
ing the practice period, ete. These are 
overcome by the patience and tactfulness 
of the experimenter, and the habit rap- 
idly dwindles to a low stage, where it re- 
mains. The explanation apparently is 
that the child loses the incentives which 
have previously been supplied by the 
mother’s scoldings ; the habit becomes al- 
most negligible and the child finds no 
bad results from it, and hence loses in- 
terest in overcoming it. Technique here 
is needed. 

Sexual perversions in adolescents and 
adults seem to offer the easiest problems 
of all, perhaps because the individuals 
are anxiously interested in breaking 
them. In the few cases where I know it 
has been tried, masturbation and homo- 
sexual practices yield readily to treat- 
ment provided the treatment can be ap- 
plied under the direct supervision of the 


psychologist (which of course is not pos 
sible in some cases), and relapses are not 
difficult to forestall. 

Some applications have been made to 
stammering cases, and these seem to 
offer opportunities for useful work, but 
the development of the adequate tech- 
nique is still a formidable task. From 
the results with one case, of ty pical sort 
in the young adult, which I have now on 
my hands, I believe the technique can be 
develope d. Even brief treatment has 
produced a remarkable improvement, 
greater than I have ever obtained in any 
other methods. I am inclined 
to think now that the most economical 


case Wi 


and adequate treatment will oceupy a 
few days at a time, these times being 
separated by several weeks. Since in no 
I expect a cure or decisive im- 
provement inside of a year, whatever 
method be employed, the working out of 
the time schedule for the treatment is an 
important matter. It is probable that in 
many other types of case time is an im- 
portant element, and the most adequate 
utilization of the time-stretch is hence a 
vital problem. 
It is to be understood, of course, that 


case do 


the techniques we are using and the bet 
ter techniques we are seeking can be ade- 
quate only against the habit as habit, 
and will suffice only in those cases in 
which the original causes have ceased to 
operate, as they have in very many cases 
of stammering, for instance. Where the 
primary causes are still operating, not 
only must the habit be broken up, but 
the causes must be ferreted out and 
eliminated. It appears, however, that 
the technique necessary to break up the 
habit offers excellent opportunities for 
correlated work in 
causes, where these are still operating. 
The importance of technique is illus- 
trated by the report of Dr. G. Wakeham? 
of his own attempt to apply the outlined 
method to the elimination of certain 
errors which he habitually made in the 


2 Science, 68: 136-137, August 10 


discovering the 
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rendering of certain passages of the 
Bach-Taussig Toccato and Fugue in D 
minor. The selected passages were 
played ten times daily, with the wrong 
notes deliberately and attentively put in, 
the other conditions of the method being 
fulfilled. On the fifteenth day the whole 
piece was played without error. After 
several errorless performances Dr. 
Wakeham attempted to demonstrate his 
success to one of his pupils—and played 
the passages with his habitual errors. 

Now, I am not claiming that I would 
have predicted just that result, for my 
knowledge has developed slowly in re- 
spect to this hypothesis and method. But 
it is now fairly clear that the technique 
employed by Dr. Wakeham was not the 
most adequate. What I would now pre- 
scribe would be to follow the successful 
performance achieved without audience 
by a practice performance with the er- 
rors, in the presence of the pupil, and 
then to attempt a perfect performance in 
his presence. If this should be followed 
by an error-practice performance in the 
presence of a small group, I venture to 
predict that a successful perfect per- 
formance could be expected before an 
audience. The conditions of erroneous 
performance in the past and the mental 
attitude towards the errors in the pres- 
ence of others have been influential in 
this case. In the case of a novice or even 
an advanced student who has habitual 
errors to correct but who has not felt 
humiliated by them the conditions might 
be much simpler. 

I can not refrain from mentioning 
here an amusing case, on which my data 
are not complete. A lady in a distant 
state described to me in a letter a certain 
morbidity with which she was afflicted. 
Apparently she dipped into medical 
books and journals, for she wrote that 
when she read about any of the bodily 
organs, she had unpleasant feelings in 
(or referred to) her own organs: and if 
she read a description of symptomatic 
feelings she experienced those symptoms. 


She indicated that she knew it to be mor- 
bid imagination, but nevertheless it was 
inconvenient. 

I explained to her, of course, that on 
such sketchy data and no possibility o! 
supervision I could not make any defi- 
nite prediction or promise of results, 
but I suggested a technique which was 
well worth trying. I suggested that each 
day she select a set of symptoms, and 
then for a few minutes revel in them. | 
gave her detailed instructions as to men- 
tal attitude (or thought processes, if you 
prefer that term), and warned her that 
persistence for some weeks might be re- 
quired. A few months later she wrote, 
in effect, that she had had a terrible tim: 
with the method, but had stuck to it, and 
was now entirely free from her morbid 
troubles. This, of course, sounds like a 
patent medicine testimonial, but I have 
not had time to follow up the case more 
definitely. 

Some cases of successful application of 
this method have been reported by others, 
and many cases will be in shape tu report 
on before long. There is, however, a 
field of application which opened up ac- 
cidentally which I wish to mention be- 
cause of its theoretical implications as 
well as its practical possibilities and also 
because I have results to report obtained 
only on myself, and I would like to in- 
vite others who may be interested to 
make trials. Like many other people, | 
forget names of persons and places, and 
have had a number of vexatious habits 
of forgetting specific names. I can al- 
ways find amusing psychoanalytic ex- 
planations for the forgettings, but that 
doesn’t help matters any. By accident, 
I thought of an application of the method 
under discussion, and since then have 
been having a good time demolishing my 
specific amnesias as fast as they present 
themselves. Perhaps a description of the 
first case may make the conditions clear. 

On the boulevard between Baltimore 
and Washington there is a small settle- 
ment where the boulevard makes almost 
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a right-angle turn. I had occasion dur- 
ing the winter of 1927-28 to drive the 
boulevard one or more times a week, and 
noted that in approaching this spot I 
never could recall its name, nor could I 
recall it at other times. On various trips, 
after passing the place, I tried to memo- 
rize it by different methods, including 
the method of repetition, but without 
suecess. Last fall, as I approached the 
turn, it occurred to me to try the nega- 
tive method. Upon reading the name, 
therefore, I tried to forget it—an at- 
tempt of a sort which most of you know 
is most baffling. This, however, did not 
last more than a minute (or a little over 
a half mile), as I could check later. I 
have never had the least difficulty in re- 
membering Beltsville since. The saga- 
cious critic will point out that in the 
effort to forget the name I was giving 
exceedingly good attention to it, but the 
fact remains that by this brief effort I 
accomplished what prolonged and re- 
peated effort of the positive type had 
failed to bring about 

Since that time I have applied the 
method to other names with one signifi- 
cant failure. This summer in Algeria I 
passed the striking boiling springs near 
the railroad from Constantine to Alger 
which are named in English translation 
the ‘‘baths of the damned.’’ Shortly 
afterwards I found that I had forgotten 
the Arabic name and had to look it up in 
a guide-book. A little later I had again 
forgotten it, so after looking it up again 
I made effort to forget it but this did no 
good, and I finally dropped the matter. 
However, in writing this paragraph, I 
find that Hammam Meskoutime comes to 
memory immediately. This failure un- 
der quite different conditions from those 
of my other trials suggests that there 
may be a line of useful experimental 
work to be discovered here. 

This application, aside from possible 
practical values, suggests an explanation 
for these curious and vexatious forget- 


tings, namely, that positive effort t 
member a name which for or r an I 
reason does not r ill imn t ly I 
make fu e re S ] 
even impossible. At any rate, whenever 
I disremember something, I now happily 
dismiss the vacancy as quickly as pos 
sible. Here again, James came close to 
suggesting the method, but not t! 
theory. If my observations should be 
confirmed, it will be evident that the 
Freudian doctrine of repression needs 
more than a little revision 

Enough of these instances, which of 


course are not experimentally valid and 
prove nothing. This year | am return- 
ing to my laboratory aiter two years of 
wandering in the wilderness. I plan to 
attack the problems of the alpha, beta 
and gamma postulates from as many dl- 
rections and as fast as possible. As I 
said at the beginning of this paper, | 
think we which is 
either quite absurd or else has far-reach- 
ing implications. We might as well face 
the possibility that we shall eventually be 


have here a theory 


forced to the conclusion that no habit 
formation is possible without ideational 
activity, or thinking; a conclusion to 
which the so-called ‘‘conditioned reflex’’ 
experiments, in my limited understand- 
ing of them, already point. But of 
course, if we should admit that the whit 
rat thinks, that does not imply that his 
ideational processes are of the advanced 
type of humans (or of some humans 

The bearing on the theory of dreams 
I have indicated in my primary article, 
and I have had no opportunity to make 
any observations on that point. 

In regard to the therapeutic applica- 
tions, I must point out that I have at 
present neither expectations nor hopes 
of the development of methods which 
can be applied by the layman or by the 
psychiatrist untrained in psychology, 
The method, as it 
delicate psychological points of ideation 
and which expert 


looms up, involves 


motivation demand 
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acquaintance with the psychology of the 
learning process and with many other 
details of mental life. The psycholog- 
ical principles, I apprehend, must be ap- 
plied to each case after careful study. 
I do not find that it is easy for the psy- 
chologist (in which class I place my- 
self) to grasp the conditions involved, 
and many seem to have assumed that 
the basal principle involved is simply 
that yielding to a habit tends to break it, 
which is really more nearly the opposite 
of the actual principle. 

In criticizing the method in its erude 
state, many theoretical objections have 
been raised by various psychologists, and 





the possibilities of interpretations on the 
basis of various other hypotheses, in- 
cluding the psychoanalytic ones, hay 
been pointed out. I do not think that 
at the present stage of the game these 
are important, although they may | 
later. For the present, I am willing to 
waive interpretations and go after ex 
perimental results. We have here cer- 
tainly something new, however closely it 
may have been missed in the past; some- 
thing which is intensely interesting, 
me at least, and something which opens 
new experimental possibilities. To 
prosaic psychologist like myself, this 
leaves nothing to be desired but work. 




















COLOR IN SCIENCE AND POETRY 


By Dr. GEORGE R. STEWART, Jr. 


UNIVERSITY 


WuHeEN the perfect history of English 
literature is written—a volume which 
will bear as its imprint Jerusalem, the 
Golden—I feel sure that it will contain 
some such sentence as this: ‘‘One of the 
important events in the history of poetry 
during the nineteenth century was W. 
H. Perkin’s discovery in 1856 of phenyl- 
phenosafranine (C,,H,,N,Cl).”’ 

To understand why this respectable 
chemist, Mr. Perkin, may some day be 
ranked with Keats and Browning we 
must skip nimbly back a few centuries— 
let us say, to the time of that so-called 
Father of English Poetry, Master Geof- 
frey Chaucer. None of us can read 
Chaucer’s poetry much without becom- 
ing strangely conscious of the, to us, 
naive and childlike repetition of a few 
primitive colors. Hardly ever do we 
find any distinction of hue or shade. 
The ‘‘floures white and rede’’ bloom, 
and bloom again in almost every mead. 
Now and then they become ‘‘blew and 
white and rede’’ and once, to our as- 
tonishment, actually ‘‘ white, blewe, yel- 
lowe, and rede.’’ In this same stanza 
is also mention of green and silver, but 
with this one great burst of dissipation— 
it occurred in his youth—Chaucer 
reached his limits as both nature ob- 
server and colorist, and _ thereafter 
maintained an impeccable respectability. 
To the modern mind Chaucer appears to 
have developed his color sense about as 
far as the child who with his crayons 
creates a blue-blue sea, a yellow-yellow 
beach and a green-green tree without 
idea of more subtle conceptions. 

For contrast let us look at some of 
Miss Amy Lowell’s work. This proced- 
ure will be greatly to Chaucer’s disad- 
vantage. To begin with, we notice that 
the modern poet has lost nothing which 


OF 


CALIFORNIA 


the older poet had; red can still be as 
red and white as white as in the flowers 


by the Canterbury road: 


High-footed 
And incense-burners yellow as old Llama books 
With cranes upon then 
Blue porcelain for the Altar of 
Yellow for the Altar of Eart! 
Red for the Altar of the Su 
White for the Altar of the Year-star 

—A Legend of Porcelain. 


ups for green wine, 


But. over and above this. modern poetry 


can show a new technique of hue, tint 


and shade; red is not always red. Ina 
few of Miss Lowell’s poems, with no at- 
have listed 
There 


** peach- 


tempt to be exhaustive, | 
varieties of 
butterflies, ’’ 
wine-cups,”’ 


seventeen redness 
are ‘‘erimson 
bloom - silk,’’ 
‘‘vermilion fishes,’’ 
pink legs,’’ ‘‘ochre-red sails,’’ 
let dress,’’ ‘‘pink water reflected from 
the carmine-tinted mountain summits,’ 
light,’’ ‘‘blood-orechid tips 


‘ 


**dawn-red 
with rose- 


oa wks 


és a ** scar- 


**rose-red 
of mountains,’’ 
— 
genta.’’ These are not 
used for the sake of variety, but they 


‘copper, ”’ ‘*maroon,’’ 


sé 


salmon,’’ ‘‘earnation,’’ ‘‘ma- 


merely words 
actually suggest different, often strik- 
ingly different, mental 
which Chaucer was 
meanly under the one word red. 

Since no one can successfully main- 
tain that Chaucer really was an unso- 
phisticated child of a simple-mannered 
century, the explanation of his crude 
technique must be sought 
Once considered, the question is not dif- 
ficult. His 
cabulary does not prove that he had no 


images, all of 


wont to group 


elsewhere. 


poverty-stricken color vo- 
sense of hue, or even that he did not care 
to play with nuances as well as any im- 
agist. But he could do no _ other. 
Like many another 


medieval man of 
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genius he was cabined close by lack of 
tools. He was an Abelard studying 
philosophy without Aristotle, a Roger 
Bacon scanning the heavens without a 
telescope. In short, Middle English 
simply did not contain the necessary 
color terms. Those words which give 
the glow of multicolored light to the 
pages of a modern poet were in the four- 
teenth century either not yet invented 
or not yet metaphorically employed. 
Chaucer’s whole possible color vocab- 
ulary did not equal the number of 
words which Miss Lowell had at her 
command for a small fractional part of 
the spectrum. The standard colors of 
his language—the whites, blacks and 
grays neglected—were brown, red, yel- 
low, green and blue. Dun and fallow 
were in use, but these, as Dr. Johnson 
maintained, were barnyard rather than 
poetic hues. Blo, which Chaucer used 
once, preserved a doubtful distinction 
from blue. Purple was a common 
enough word, but he used it only in 
translation or with classical reminis- 
cence; except for its occasional heraldic 
use I should doubt whether Chaucer 
actually knew what hue it denoted. In 
addition to these were a few terms 
which were just beginning metaphor- 
ically to be used for colors instead 
of for dyestuffs and materials; the 
Wife’s scarlet hose must have suggested 
a fabric as well as a hue to the earliest 
readers of the Prologue. In fact, any 
one considering the matter historically 
must admit that Chaucer was actually 
as much of a pioneering colorist as Amy 
Lowell. She coined such compounds as 
‘*rose-green’’ which left our modern con- 
servatives gasping; probably the con- 
servatives of five hundred years ago 
gasped too when they found Chaucer, 
under stress of finding six rhymes, once 
using azure abstractly to mean blue in- 
stead of concretely to mean, as every 
one knew it did, lapis lazuli. Langland 
and Gower did not do such things, but 
were content with good old red and 


green. Chaucer, again, seems to have 
been the first to use as color words ruddy 
(except as applied to the complexion), 
sunnish, citron and rosy. To arrive at 
a simple term for so common a hue as 
orange was, however, clear beyond him, 
so that twice we find the interesting and 
accurate but ludicrously clumsy circum. 
locution—‘‘ betwixt yelwe and reed.’’ 

This constitutes, I hope, a sufficient 
defense of Chaucer himself, but at the 
price of a severe indictment of the 
English of his time. Onee more, how- 
ever, we must not assume that this 
childlike color vocabulary indicates that 
medieval England had attained only 
a childlike state of culture. The world 
has never seen more highly developed 
cultures than those of Periclean Athens 
and Augustan Rome, and yet Sophocles 
and Vergil were little, if at all, better 
equipped than Chaucer to express shades 
of color. These languages of the classi- 
eal world had adapted themselves for 
the subtlest play of dialectic or the most 
complicated legal relations, but they 
could not distinguish between blue and 
violet. Plato (to judge from his extant 
writings) could with difficulty have mas- 
tered words for ten distinct hues; for 
such a common shade as pink Aristotle 
was forced to coin an awkward ‘“‘ white- 
red’’ (AevxépvOpos). Vergil was little 
better off; although succeeding to the 
Greek heritage and able to piece out his 
scanty Latin vocabulary with borrow- 
ings, he could distinguish only a round 
dozen of colors. He was richest in reds, 
but besides the general term (ruber 
was able to denote only a few shades, 
to be roughly equated with modern 
English ruddy (rubicundus, rubens), 
orange-red (rutilus), rosy (roseus), 
blood-red (sanguineus, cruentus) and 
crimson (puniceus, purpureus). Hor- 
ace, Ovid and Catullus can _ succor 
Vergil’s vocabulary with only a few un- 
important terms. 

Two passages from the literature of 
the highly developed period succeeding 











the 

wea 
ture 
serv 
ties 

chil 
“re 
betv 
grat 
lang 
deca 
Joh: 
the 

wert 
Gell 


inade 
erimi 


thous 


Fav 
this 
whic 
was 
by t 
actu: 
Any 
to F 
to m 
ama: 
presi 
ques 
than 
argu 
that 
sity 
as m 
coule 
was 
total 
W 
Mr. 
take 














COLOR IN SCIENCE AND POETRY 73 


the Augustan display an even comic 
weakness. When Pliny the Elder, cul- 
tured man of the world and eager ob- 
server, attempted to describe the varie- 
ties of hematite, he stammered like a 
child. ‘‘ There are three kinds,’’ he wrote, 
‘‘red, and less reddish, and half-way 
between these.’’ Junior in the fourth 
would hardly be allowed such 
Aulus Gellius a few 
Boswell to a 


grade 
language to-day. 
decades later, playing 
Johnson by Favorinus, lets us see that 
the Romans of that period themselves 
were acutely conscious of this weakness. 
Gellius wrote: 

going to visit 
accompany 


Favorinus, the philosopher, 
Mareus Fronto... 
him. At his house, in the presence of many 
learned men, much was said concerning colors 
and their names, that there was great variety 
but that the names for them were 
inadequate and uncertain. 
criminations in the perceptions of the eyes than 


wished me to 


of colors, 
There are more dis 


in names and terms for colors, for to say noth- 
ing of their other peculiarities the simple colors 
of red and green have each but a single name, 
though many different varieties. 


Favorinus, who was the spokesman of 
this opinion, in the symposium 
which followed, refuted by Fronto, who 
was able to show that the Latin language 
by the aid of Greek borrowings could 
actually distinguish five shades of red. 
Any modern man in culture comparable 
to Favorinus or Fronto should be able 
to mention twenty at least. One is left 
amazed that in Rome itself ‘‘in the 
presence of many learned men’’ the 
question of verbally distinguishing more 
than one shade of red was subject for 
argument. For contrast, I may note 
that recently a group of twenty univer- 
sity students at my request wrote down 
as many words for shades of red as they 
could in five minutes. The lowest score 
was seven, the highest fourteen, and the 
total, duplication eliminated, thirty-five. 

We have wandered a long way from 
Mr. Perkin, but we are ready now to 
take the back trail simply by asking the 


was, 


old question, ‘‘Why?’’ How comes 

that in our day colors may glow a dozen 
to the 
number would have exhausted the poet’ 
A complete exposition of 


iormer ages 


page while in 


whole hoard? 


cause and effect is, of course, impossible 
I wish, however, to point out the worl 
ings of one important agency, nothing 
more or less than that old enemy 
poetry, science. Uur age in noth 


differs more from both the medieval and 


the classical than in our organ d and 
always successfully advancing scien 

In one way or another it is to this scien 
tifie 
teenth century, that we owe much of the 


English poetry I 


research, beginning in the s 


color richness of 
shall illustrate with three examples, one 
from each of the past three centuries 

In the month of February, 1671/2, 
one of the of all s ex- 
perimenters, Sir Isaac Newton, recorded 
light 


means of 


cvreatest ‘entine 


the result of passing a pencil of 
into a darkened room and by 
a prism analyzing it into the spectrum. 
Sir Isaac, if we can accept the famous 
cat and kitten story, had somewhere in 
his unsurpassed brain a streak of child- 
ishness, and for no other reason appar- 
ently than the great tradition of seven, 
he invented for the spectrum the seven 
so-called primary Even for 
these, however, terms were not readily 


colors. 
available. ‘‘Red, yellow, green, blue,’’ 
he noted first; then came, as the word 
ing seems to indicate, a striving for a 
term, and the great brain so apt at 
aging through strange seas of thought 
alone hard put to it t 
“‘and a violet-purple.’’ Followed, 
imagines, a rumpling of the divine fore- 


“together 


voy 
was produce 


one 


head until there came forth 
with orange and indico.’’ One notices 
that instead of naming the 
logical, scientific order from one end of 


eolors in 


the spectrum to the other he wrote down 
those first for which he had definite 
terms. Purple was a common word of 


the time, but did not fit exactly, so that 
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he qualified it with the not yet estab- 
lished term violet.t In later writings he 
became bolder in his use of language, 
and dropped the purple. Orange 
and indigo Newton did not quite coin, 
although before his time they almost al- 
ways carried the suggestion of the fruit 
or the dyestuff. But if he did not give 
the name, he at least supplied the local 
habitation; violet, orange and indigo 
thenceforth had their definite places 
in the spectrum. They became stand- 
ard colors—a precise image every 
time one looked at a rainbow. Men 
since Noah, poets by the hundred, had 
seen rainbows, but had generally ac- 
cepted them as the grace of God. Only 
when the man of science made an arti- 
ficial rainbow and considered why, other 
than by divine caprice, orange lay be- 
side red instead of beside blue—only 
then were definite terms found necessary. 
In the vigorous scientific controversy 
which followed certain of Newton’s 
declarations, the names of his seven 
colors were popularized, or at least be- 
came known to men of culture. In the 
next century with Thompson and Gray 
they began to work into poetry. With- 
out this aid of science one wonders how 
Edwin Arlington Robinson could have 
described his Isolt of the violet eyes, 
which, so often mentioned, give to her 
at once the *.uch of romance and of 
individuality. 

In the eighteenth century one of the 
most active fields of science was that ex- 
ternal and descriptive side of botany and 
zoology called natural history. In 
Sweden Linnaeus, in France Brisson 
and the great Buffon, in Germany Bo- 
rowski, in Russia Pallas, in England 
Latham, Pennant, Goldsmith and White 
—these are only a few of the many who 
either as investigators or as popularizers 
furthered the work. Accurate observa- 
tion in the field of natural history de- 


1 Violet, in fairly common use in the fifteenth 
century, later fell into disuse. 


mands a keen sense of color; accurate 
record of this observation demands 
an adequate color vocabulary. These 
writers upon natural history had the 
color sense, and by sheer force of neces. 
sity they made their color vocabulary 
They were not always masters of lan- 
guage; their compounding of words was 
sometimes infelicitous; but, by 
large, they accomplished much. 

To appreciate the difficulties of the 
ease for an English writer, consider 
yourself setting out to describe and dis- 
tinguish 133 varieties of parrot—that 
gaudiest of birds—with a Chaucerian or 
Vergilian list of colors. This was ap- 
proximately the predicament of Latham, 
for example, when preparing his ‘‘Gen- 
eral Synopsis of Birds.’’ To write at 
all he had to be able to distinguish colors, 
and he did distinguish them. To him 
violet, which the poets still treated gin- 
gerly, was a commonplace. For a whil 
he adopted a half-way attitude on or- 
ange by calling it orange-color, but be- 
fore he got far with the parrots he 
dropped the idea of the simile to the fruit 
and wrote simply orange. For Chaucer 
a parrot would probably have been 
merely a bird, ‘‘yellow, blue and red,” 
or else he would have taken refuge in 
similes and heraldic terms, as he did 
in describing Chantecler. But Latham 
buckled valiantly to the task and his 
vocabulary flourished. He enlisted the 
suffix -ish; he made use of the homely 
garden compound of pea-green; he bor- 
rowed from the Latin luteous, rufous 
and fulvous; he ransacked all nature for 
lilac, brimstone, vermilion, chestnut, ash, 
cinereous, peach-blossom—any stick to 
beat a dog, and any word to describe a 
parrot. 

To show Latham’s minute observation 
and—of more interest to us—his color 
vocabulary, almost any of his descrip- 
tions can serve. His thirteenth species, 
the Blue-headed Parrot, is as good as 
any. 
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The upper mandible is yellow, with a pale 
ash-coloured tip; the lower of a plain ash- 
lour; eyes in a naked yellowish skin: above, 
plumage is green; beneath yellow green: 
the head itself is 
sides of 


the forehead inclining to red: 
blue: throat violet, inclining to ash: 
the neck luteous: hind part of the neck, back, 
nd scapulars, green: the part of the 
back, rump, and upper tail coverts, of a shining 
een: fore part of the neck, : 
ghtening into yellow at the from the 
breast to the tail greenish yellow: wing coverts 


lower 


yellow greez 


sides: 


green: quills green above, the inner webs and 
tips deep ash: beneath cinereous; shafts black, 
that of the first feather, which is 
the two middle tail feathers are green- 
sh, verging to blue at the ends: the next the 
same, but yellow within: and the four 
mes on each side green on the outer webs, lute- 
us on the inner; the webs above black, beneath 
white; all but the two middle ones tipped with 
yellow, and the whole tail yellowish ash-colour 
beneath: the two middle feathers exceed the 
uter ones by near four inches: legs blueish: 


exc pt 
whitish: 


outer 


ciaws grey. 


In this one passage Latham is able to 
distinguish twenty shades with some ac- 
curacy and to find words for them with- 
out undue awkwardness. 

Gilbert White, contemporary and 
friend of Latham, is also of interest be- 
eause his ‘‘Natural History of Sel- 
bourne’’ is one of the few links in En- 
glish between science and belles lettres. 
With White we see at work the same 
urge which motivated Latham. He 
peers over dead specimens or spies upon 
living ones, seeking to distinguish hue 
and shade for identification. If his vo- 
cabulary was not as varied as his con- 
temporary’s, this was probably because 
he was under the necessity of describing 
only the respectable fauna of English 
moor and dale instead of the bedizened 
denizens of tropical forests. The method 
was the same, as he poured over a life- 
less bird and wrote, ‘‘Its cere and feet 
were yellow, and the circle of its eyelids 
bright yellow. As it had been killed 
some days, I could make no good ob- 
servation on the colour of the pupils and 
trides.”? (Letter 11.) Again, he eata- 
logued on the plumage of a certain lark, 


CE AND POETRY 


a dull-colored bird at best, 
here it ( 
dusky, elsewhere tawny, in 
white, milk-white 
(Letter 24 
Compared 


l 
lu 


was brown, 


sky 
and y 


with the 
leading poets of the Same 
a really lamentable pover 


Goldsmith displays less 1 
Chaucer ; Cowper used neith« 
orange, and in his many 
poetry distinguished hardly 
number of shades to serve 

But a generation wa 


Latham White 


the eighties, a decade in which flourished 


new 
and both publ 
a group of eager boys, ardent lovers of 
nature, who in a few years transformed 
English poetry. In the little 
Walter reveled in the beauties of 
Teviotdale, young William absorbed na- 
ture by the English Lakes, 
Samuel, Robert, another 
and two Thomases. 
few years infants were born and named 
George, Perey and John. Approxi- 
mately a after the 
burst of writing on natural history these 
children grew to manhood and brought 
their poetry to fruition. The 
of the former to the latter is thus cer- 
tainly post hoc, and also in the color vo 
cabulary at least, I believe, propter hoc. 
The Romantic displayed the 
most developed use of color in English 
their time. The 
indeed often lavish in the 
but their terms 
connotative or 


eighties 


‘lsewhere 
Walter 
In the course of a 


were 


veneration creat 


relation 


poets 
verse to Elizabethans 
were color 
words, were In many 
cases suggestive rather 
than distinguishing. Hell-black, heaven- 
hued, and so forth, have fine poetic pos- 
sibilities, but would be of little value for 
the classification of birds. 
and Spenser did not separate 
pink, did not use violet or any word but 


Shakespeare 
rose and 
purple for that whole group of 
and could with difficulty (Spenser, | 
think, not at all) distinguish 
They were stronger in reds. The 


shades 


orange. 


Ro- 
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manties, on the other hand, equally well 
supplied with reds, were much better 
off for the colors farther along the spec- 
trum. Purple, for instance, they sup- 
plemented with violet, amethyst, hya- 
cinthine and lilac, not to mention any 
number of qualifying adjectives, such as 
deep or faint, coupled to all these. 

Two phases of the situation are of 
special interest. One is that many new 
color words (olive, pea-green, brim- 
stone, lilac, ultramarine, for instance) 
previously popularized by the natural- 
ists turn up in Romantic poetry. The 
other is the use of a developed system 
of qualifying colors, of which the lan- 
guage had not previously made much 
use. Even the Elizabethans seldom 
coupled an adjective with a color or 
combined two colors. These became, 
however, favorite devices of the writers 
of natural history. To return to La- 
tham, we find constant use of combina- 
tions like deep-blue, bright-yellow and 
dull-red, together with simple and com- 
plex color coupling such as orange-red, 
greenish-yellow, yellowish-orange-brown. 
Combinations of these sorts are char- 
acteristic also of Romantic poetry. In 
Wordsworth alone occur among others 
deep yellow, dull red, pale blue, together 
with red-brown, olive-green and black- 
blue. The immense possibilities of these 
two systems of modification were first 
recognized by science under the stress 
of necessity, and then adopted by 
poetry. 

In the seventeenth century poetry had 
drawn aid from physics, the most ideal 
of sciences; in the eighteenth from 
biology, the most picturesque of sciences, 
but in the nineteenth its debt was to be 
owed to the most utilitarian, grimy and 
odoriferous of all sciences—chemistry. 
In 1856 a precocious young investigator 
oxidized commercial aniline with potas- 
sium dichromate, and began a brilliant 
career which eventually gained -him 
knighthood and an article in the Ency- 
clopaedia Britannica. The new com- 


pound was a dyestuff producing a bri 
liant and unusual purple. 
acumen for commerce as well as for sc 


ence, Mr. Perkin patented the process 


of manufacture, and also borrowed fron 
the French a trade name, mauve. Bot 
as a dye and as a word mauve was a! 


immediate success. Two years after its 
commercial production was begun the 


word was well on the road to establish- 
ing itself; before the end of the century 
it was naturalized enough to permit the 
formation of mauvish; it is now a stand. 
ard word in prose and verse; its lates 
achievement is to attain symbolic value, 
and to be used in Mr. Thomas Beer’s 
‘‘Mauve Decade’’ to characterize 
last years of the century which wit- 
nessed its invention. 

But the direct debt owed by poetry 
to Sir William Henry Perkin is only a 
small fraction of the indirect one. For 
lured by his success, hundreds of eager 
organic chemists, like prospectors to Cali- 
fornia a few years earlier, rushed int: 
that vast unexplored region where lay 
hidden the precious aniline dyes. In 
1859 the second dye was perfected—a 
piercing purplish red. Already the year 
had seen one study in red blotched at the 
command of Napoleon III among the 
vineyards by the Ticino. After this vic- 
tory of Magenta the second dye was 
named. Thus by the twists of linguistic 
fortune a French flower and an Italian 
town became English colors. 

Ever since this beginning the dyeing 
industry has exercised influence on our 
vocabulary. Since the development oi 
the aniline derivatives the dyer has had 
at command a wealth of color such as 
never before. He and his ally, the fash- 
ion-maker, having selected a shade cal 
continue to produce this exact shade as 
long as demand lasts, and can therefore 
with advantage and propriety give it 4 
definite name. The result is that now 
the most complex color vocabulary 
neither with the poet nor with the 
naturalist, but with the dressmaker. A 
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page from Vogue would give Latham 
names for knife-edged distine- 
tions, which he could not match from all 
is 133 parrots. Some advertisements 
from Harper’s Bazar make Amy Lowell 
seem as primitive as Chaucer. I men- 
tion only a few shades which are now 
merely technical terms in fashion, but 
which may some day be material for 
Queen blue, navy, orchid, pal- 
metto, athenia, nude, cyclamen pink, 
flesh, peach, Chinese yellow, monkey- 
skin, cocoa, Goya red, Alamanda green, 
Sistine blue, praline. A single page of 
the catalogue of a mail-order house— 
surely nothing could be more common- 
place—yields among dozens of others 
Nile green, popcorn, gull, Napoleon, 
Oporto, cerise, henna. Some of these are 
glossed, but the glosses themselves pre- 
sume a highly developed color vocabu- 
lary. Nile and Palmetto green are ap- 
parently considered standard colors, and 
not explained at all, although I have not 
found the latter in any dictionary. 
Autumn glory is transiated as bright 
henna, and hydrangea as new powder 
blue, on the assumption, apparently, that 
these latter shades would be known to 
every one. Another mail-order cata- 
logue devotes an entire page to a color 
glossary, listing and describing a total 
of 336 shades. 

Fashion shades and their names are, 
in short, legion. A single manufacturer 
advertises seventy, another seventy-two, 
for one season. Many of these names 
are, true, ephemeral, to be forgotten by 
next year; nevertheless, they are definite 
names for definite shades, and where 
they fill a want are likely to survive. 
Let it be recalled that several of our now 
accepted color words began primarily 
in fashions—mauve, magenta, lavender 
and (it would hardly be too much to 
Say) searlet. Of more modern exam- 
ples Alice and Navy blue, and Nile green 
have survived the vicissitudes of years, 
and may almost be said to have estab- 
lished themselves. Beige came into use 


colors, 


poetry : 


some five years ago, and is 1 su 
standard color of reference as s 
rose beige, French-beigt the su 


varieties. I have 


on equal terms with w blu 
green, aristocrats of ten thousand years 
standing. 

For illustration of how fashion-words 


have affected the vocabulary t least 
the one half of the American nat 1, let 
me record a conversation which I re- 


ee ntly heard; neither 


profession concerned with color: 


party Io0lloWws a 


‘Yes y I esmaids were ir hy 
very faint, we ardly 1 | k a t i 
‘* Half of mine were in orchid, and the ot 
in a darker shade, a deep orchid, I guess you 


would say. 

lavender. 
‘*Lilac?’’ 
**Yes, something like that.’’ 


Of all the colors mentioned, Shakes- 
peare and Milton would have recognized 
only purple. The talkers, to be sure, 
seem to flounder a little for words, but 
one must remember that they are at- 
tempting to induce a precise out 
of the four million possible ones of hue 
and shade. And to give them their due, 
they remarkably well. Two 
hundred years ago, no one, neither phi- 
losopher nor poet, would have been able 
even to try. 

While science in the past three centu- 


mage 


succeed 


ries has been supplying words, it has also 
been increasing our vocabulary in more 
subtle ways. It undoubtedly ren- 
dered us more eolor. 
Chaucer and his fellows may have been 
keenly alive to hue and shade, but our 
general experience in 

would teach us that, more likely, they 
were not. Without words to emphasize 
prob- 


has 


sensitive to 


+? 


sucn matters 


and without need to classify they 
ably let all reds pass as red and were 
content Science, 
changed this. To Gilbert White 
ing his eyes over the dead lark, to the 
chemist watching the marvelous play of 
color in his Fehling’s test, to the physi- 


classification, has 


straln- 
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cian searching through his microscope 
for the tints which distinguish the 
eosinophile from the polymorphonuclear, 
to the housewife matching scientifically 
dyed thread to scientifically dyed fabric, 
to the rancher’s daughter isolated beyond 
the last filling station nervously ordering 
a spring dress from Sears Roebuck or 
Montgomery Ward, to the very tot in 
school studying a color chart arranged 
according to the discoveries of physics, 
the accurate distinction of color is the 
business of every-day life. 

The very standardization produced by 
science, so often bewailed as having given 
the coup de grace to poetry, has also by 
a curious back-twist really aided poetry. 
As long as a certain shade of yellowish 
pink existed only in the flesh of an apri- 
cot, in a momentary shade of the morn- 
ing sky and in an occasional gown, 
language could never afford to have a 
special word for it. But when by 
modern methods of color production the 
same exact shade may glow from a mil- 
lion scarfs in one month, a word becomes 


to some necessary and to all convenient, 
and apricot is thereupon a color as well 
as a fruit. Thus the poet gains a fresh 
aid to blazon forth anew that oldest of 
poetic subjects, the rosy-fingered Aurora, 
and so display his contempt for science, 
destroyer of beautiful myths. 

Truly, great is science, and her name 
is above all kings. We still stammer, we 
are little better off than was Chaucer for 
descriptions of smell; science has as yet 
done little to explain and codify. Ther 
is as yet no smell spectrum. If ther 
ever is, we may predict that words wil 
be called into being, and with words 
poetry. Christopher Morley will no 
longer be forced to: 


wonder why the poets tell 
So little of the sense of smell. 


Just as Napoleon, greatest enemy of per- 
fidious Albion, could not march his bat- 
talions against Wellington without th: 
help of English shoes, so poetry is glad 
to gain new vigor by the aid and succor 
of its age-old mortal adversary. 
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THE SCIENTIFIC STUDY OF HUMAN BIOGRAPHY 


By HAROLD D. LASSWELL 


UNIVERSITY (¢ 


Tue students of the historical, human- 
istic, social and physical sciences are 
united in a common interest in human 
biography. They want to understand 
the factors which favor high produc- 
tivity in philosophic speculation, scien- 
tifie investigation, literary creation, 
economic enterprise and political man- 
agement. They would like to know 
how, within the same field of activity, 
‘‘temperamental’’ and ‘‘environmental’’ 
influences combine to produce different 
constellations of traits and interests. 
The ever-present problem is to account 
for the appearance of and the differences 
manifest in Shakespeare and Goethe, 
Descartes and Kant, Newton and Ein- 
stein, Bismarck and Napoleon. Or, 
more generally, the task is to isolate the 
operative factors in the determination 
of typical views of the world and typical 
levels of creative activity. 

Many streams of investigation have 
convincingly shown that a human life, 
viewed at any given cross-section, is the 
outeome of formative factors of many 
kinds. The cultural milieu leaves its 
mark on the speech, morals, manners, 
tastes, ambitions and loyalties of the 
individual. The phantasy life of the 
person gives him a private world which 
distinguishes him from his fellows in 
the same cultural environment. No in- 
dividual ean be completely defined as 
the phenomenon observable at the inter- 
section of culture planes; it is a common- 
place that members of the same family, 
exposed to the same religious, racial, 
partisan, national, educational and oc- 
cupational influences, display wide dif- 
ferences in traits and interests. The 

1QOne may refer in passing to the work of 


Dilthey, Spranger, Klages, Jaspers and their 
circles in this connection. 


1F CHICAGO 


physiological and anatomical make-up 
shows several typical deviations within 
the of the Differ- 
ences in glandular function may make 
puberty and 
climacteric changes more serious for one 
than another. Physiological and ana- 
tomical facts, such as shortness or tall- 


range **normal.’” 


crises, menstrual cycles 


ness, fatness or thinness, may expose the 
person to respect or contempt in specific 
cultures. The neurological and 
lectual coordinations of individuals dif- 
fer very markedly from one another. 
There are important differences in such 
fundamental processes as those of per- 
ception, individuals retaining 
eidetic imagery throughout their adult 
lives. Pathological elements in the or- 
dinary organic processes are not to be 
underestimated. 
bring ascertainable consequences for the 
efficiency, mood and preoccupation of 
the victims. The pathological changes 
associated with senility are especially 
significant in politics, where old men 
occupy high diplomatic, administrative, 
legislative and judicial The 
psychopathological disturbances are par- 
ticularly prominent in many active and 
productive lives. Medical 
has recently come to stress the impor- 
tance of repressions in the production 
of neurotic symptoms, neurotic charac- 
ter traits, psychotic symptoms and per- 


intel- 


some 


Some types of disorder 


posts. 


ps) chology 


versions.‘ 
2A readable, succinct summary is that of E. 
Miller, ‘*Types of Mind and Body,’’ New York, 


1927. 


8H. Hoffman has outlined a method of 
approach to the study of heredity factors in his 
‘*‘Das Problem des Charakteraufbaus,’’ Ber 
1926. 

An evaluation of existing personality docu 
ments is in my article, ‘‘The Problem of 
Adequate Personality Records: A Proposal,’’ 
American Journal of Psychiatry, May, 1929. 
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That the writing of human biography 
is in an unsatisfactory plight is manifest 
in the omissions and mistakes which are 
to be found in the current output. In 
the universities, human biographies con- 
tinue to be written under the sole juris- 
diction of separate departments, often 
ignoring the interpretative concepts 
which are successfully used by men in 
other departments of the same institu- 
tion, or applying them in amateurish 
fashion as mere figures of speech. This 
is especially the fate of such psycho- 
pathological terms as ‘‘complex,’’ ‘‘re- 
pression,’’ ‘‘sublimation,’’ ‘‘compensa- 
tion.’’ 

The obvious escape from the difficul- 
ties of the present situation is by way 
of a procedure which familiarizes the 
apprentice biographer with the chief 
technical tools of the major fields which 
converge upon the interpretation of 
human reactions, and to give him the 
benefit of sustained technical criticism 
in applying them to a definite case. 

It is scarcely feasible for the student 
to shop around among the departments 
of internal medicine, neurology, psychi- 
atry and psychopathology, psychology, 
anatomy and physiology, besides the 
departments of social science, history 
and the humanities of the university. 
If the student attends clinical demon- 
strations in internal medicine he may 
learn something about the symptoms of 
many diseases, but all that is directly 
valuable to him is the recognition of 
those disease conditions which have been 
demonstrated to have special effects upon 
the mental state of the sufferer. Such 
correlations emerge as medical psychol- 
ogy develops. It should be possible to 
render the current data readily accessible 
through lectures, demonstrations and 
bibliographies. Moving-picture films 


may be developed to show how the diag- 
nosis is made, and the psychological 
effects of the disease upon the patient. 

The prominence which has been given 
to pathological! and physical scientific 
conceptions in this brief statement does 
not mean that the chief aim of biography 
is to become pathography. Of pathogra- 
phies there are many, since Mobius in- 
troduced some discipline into the field.’ 
Biography is a larger field, requiring the 
analysis and resynthesis of the signifi- 
eant features in the individual’s tota! 
history. 

The central nucleus of those interested 
in the problem of more adequate human 
biographies might very well constitute 
themselves into an institute of human 
biography, composed of a_ historian, 
sociologist, political scientist, economist, 
jurist, humanist, historian of science, 
historian of philosophy, psychiatrist and 
psychopathologist, doctor of internal 
medicine, geneticist and psychometri- 
eian. Temporary consultants could be 
attached to the central nucleus as specific 
studies warranted. 

Since the modern university makes so 
many demands upon the time of its mem- 
bers, any task which is not institutiona!- 
ized is prone to be neglected. It is 
therefore desirable that the chief centers 
of learning both here and abroad de- 
velop mechanisms of the type proposed. 
Each individual institute might guide 
the research of both pre- and post-doe- 
toral workers. 

If the retrospective interpretation of 
men’s lives is to be kept abreast of spe- 
cialized scientific progress, the develop- 
ment of such a converging attack seems 
to be imperative. 

5 See the recent summary of this entire litera- 


ture by Wilhelm Lange-Eichbaum, ‘‘Genic- 
Irrsin und Ruhm,’’ Miinchen, 1928. 
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THE SPARROW-HAWK’S FIRST FLIGHT 


By RALPH E. DANFORTH 


lo see it throw itself into the air be- 

it had had any chance to practice 
ng gave a thrill worth long and 
tient efforts. 
in a great tree the young sparrow 


Reared in a hole high 


wks could not even stretch their long 
wings adequately to give them what we 
would consider a conception of what 
flight would be like. The five young 
hawks had taken turns looking out of the 
round hole to see a small portion of the 
world into which they were soon to 
thrust themselves upon untried wings. 
They had seen their parents fly with 
consummate skill and speed. They 
themselves had remained crowded to 
gether in a hollow; jostling one another 
for the large insects brought to them: 
erving tremulously with insatiable appe 
tite; clambering over and falling back 
upon one another; exercising indeed but 
not flying. Could a moment come for 
each one when it would risk a twenty 
eight-foot fall to earth, throw itself with 
closed wings out of a round hole and fly 
to a neighboring tree? That was what 
I wanted to see with my own eyes. 

The American sparrow-hawk, Falco 
sparverius sparverius L., is not as closely 
related to the sparrow-hawk of England 
as it is to the hobby, merlin and kestrel, 
which are true faleons. Our American 
sparrow-hawk is a small faleon. Early 
in April a pair selected a hole in a large 
elm near our home and forced out the 
starlings which had used it ever since 
the flickers had made it and reared a 
single season’s offspring in it Out 
local flickers have to carve laboriously a 
new hole every season because long be- 

they return the next spring the 
Starlings have been living in it. The 
of sparrow-hawks, however, had no 
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ward revealing the back of the head 
with its two black spots surrounded by 
buff-colored rings it seemed to have 
owl’s eves in the back of its head. Some- 


times they were silent, with head bob- 
bing up and down in a half timid, half 
menacing way. Again they were noisy, 
tremulously calling 
food. From my sereened porch below 
or trom my window I 


could watch them clearly. 


their parents for 
second-story 


The parents were always wild and 
suspicious if one came out near the tree. 
On the morning of July 20, 1929, I 
again arose at the song of the robin and 
trained my field-glasses out the open 
window, propping them so that the hole 
in the elm would be in the center of 
vision whenever | might choose to lower 
my eyes to look through them. Most of 
the time I preferred to watch with 
unaided eves. 
the sparrow-hawks was yet to be seen. 
The parent birds were doubtless roost- 
ing not far from the two young which 
had left the nest. Long before the sun 
gilded the sky, 
were actively feeding the young, both 
those outside and those within the hole. 
Soon they stopped feeding those in the 


‘o sign of activity among 


however, the parents 


hole, except at long intervals, feeding 
the liberated birds more often. The 
most active bird left in the hole had a 
breast with searcely any 
streaks upon it. I thought surely this 
would be the next to leave. In fact, | 
had thought it would leave the day 
before. It was the one to lean farthest 
out and to spend more time than its 


very light 


share in so doing. But a less assertive 
bird with dark stripes on its breast re- 
placed it at the window for a few min- 
utes, then suddenly and silently flew to 
an elm eighty-one feet away, catching 
itself with difficulty in some small twigs 
at the base of the leafy crown of the 
tree. Instantly a parent bird appeared 
some and followed it 


from tree-top 


closely to make sure that it alighted sue- 


cessfully. Reassured that all was 
with the young one the parent depa: 
as Silently as it had come. 

After a few minutes’ rest the vo 
one began climbing up to lar 
branches. It seemed to gain stre1 
Resting and climbing by ti 
In climbing 


rapidly. 
it soon gained the top. 
both walked and hopped, using 
wings freely. 

In half an hour the light-breasted « 
launched out and flew strongly and 
attended to an elm 138 feet dista 
alighting in the great fork at the 
of the trunk, a point higher up than 
hole the bird from. lt 
shortly began climbing the tree, S 
Number 5 left the hole, but not unt 
had tried to start but changed its m 
after it had put its left wing fully 
of the hole. It was the only time | |} 


started 


seen one of those birds with a wing « 
of the hole before they left the hole | 


It with difficulty pulled that lr 
wing back into the hole after it. T 


cood. 


it came out again, doubtless uneas) 
being left all alone for the first tim: 
its life, and it too flew 138 feet, cate! 
the leafy frond surrounding the b 
some ten feet below the top of the tr 

None of the young returned to 
hole. 
until they set up housekeeping for th 
Toward noon the mother b 


They may never enter one ag 


St lves. 


did enter the forsaken hole just for 


moment, possibly from idle curiosity 

It is unsafe to ascribe human mot 
to a bird or other animal. We o! 
err in reading the motives of of 
human beings. But if all creatures | 
common instinets and ancient he 
tary backgrounds, we may sometim 
right when we guess what goes on in 
mind of a lower creature. 

What coes the first flight mean to 
little faleon that has never been out 
the hole? 
these young sparrow-hawks I gained 


From many observations 


impression that they are very sordid 


oo a cen Taahdiedng 





THE SPARROW-HAWEK’S FIRST FLIGHT 


When their instinct to master 
r becomes strong enough to over 
r their instinctive fear of falling, 
thrill they vet 1s probably more phys 
than intellectual. They have, in 
been training their truly wonder 
eves on earth and sky, on objects 
and far, for a long time before they 
and can see much better than any 
an beings, and there must be added 
tisfaection when they can see from a 
top much more than from the nest 
But faney that you, and not the 
lid bird, were brought up in a hole 
a tree, along with various brothers 
sisters of about the same age, the 
size and form of the bird. but POSSESS 
ng vour human intelligence and poetic — glimpses 
what would the first flight mean  proot tha 
come only 
change from life in the hole to back into 
in the open world and sky comes fly or—-what 


ith the suddenness ot death Krom case vou did 


} 


the time of vour earliest memories until Then the soft, elastic 


the instant vou darted forth upon the up. With a swiftness 
ree air vour whole life was crowded, known before you 
with those of vour brothers and sisters, You could not keep thi 


na small hollow in a tree, and poorly must somewhers 
lighted from a still smaller opening to green of the elm fronds off 
the outside world. After long waiting rest 
d growing and scrambling for food You are saf 
brought by those all-providing parents air. The sky 
that came and went on silent, speedy No longer wil 
ngs, you began to clamber up to peer No longer w 
it of that hole of mystery through fine vou and 
‘+h food and parents alike had always — will not enter 
What dreams and thoughts vou even to sleep 
s would have about that bountiful outside moments, to 
vorld, stretching on and on apparently again, and ye 
thout end or limit. As vour strength  fortably pere 
‘reased you would lean out of the great and n 
ning, and, with vour head and eves’ beats upon your 
out from the tree, vou could rane. head nothing but the 


rself almost free; vet always your your vision. No 
would be so limited to that one roof you 

r, and so cut off by the tree itself panions t 

by the many other fixed objects walls. If 

‘ould not feel the things you saw, all the 


ith them. What you saw would — sights 
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on all sides and above and below. You 
have graduated from a narrow life to 
one of wide immensity. 

We might compare the experience to 
the change of caterpillar to butterfly, 
but it would not be analogous, for the 
long wait in the pupal stage is so dif- 
ferent from the fraction of a second that 
it takes to spring into the air when 
already leaning far out into it. It might 
be likened to the germinating of a seed 


THE WINTER WREN, HIDDEN ARTIST OF SONG 


and its marvelous change into a p 
with all its larger life. But that pre 
is again very slow 
mation. I ean not think to what to 
that sudden, instantaneous change 
life to larger life, from a cramped 
very confined life to life of unlin 
possibilities, unless | compare it 
death. 

The little faleon must fear the 
He takes it. 


By RALPH E. DANFORTH 


CHESTERFIELD, MASS. 


THE winter wren is a true bird-lover’s 
bird. Many people will not know him 
really well. He is not rare but eludes 
them. He is small and dark and con- 
tinually crawling under rocks, logs, sticks 
and whatever vegetation may be around 
him. Yet he is uniquely beautiful in 
form, manner and marking. His song 
is his supreme charm. Whoever hears 
this song and learns to know it has en- 
riched his life. For all time my store 
of joy is greater because the winter 
wren’s song has added to it. A trip to 
the summer haunts of the winter wren 
will prove a good investment if the lover 
of sweetest sounds and melody succeeds 
in hearing the song of the winter wren. 

Thoreau heard and deseribed the song 
when on a trip in the White Mountains, 
yet he probably never knew what bird 
had sung that song. He was unable to 
follow up the sound, having lamed him- 
self. Yet description and habitat fit the 
bird so well that those who know the 
winter wren agree that such was the un- 
known bird which so charmed this great 
man of the wilderness. 

Burroughs calls the winter wren a 


‘‘marvelous songster, in speaking of 


whom it is difficult to avoid superla- 
tives,’’ and adds: 


He possesses the fluency and coplousness f 


which the wrens are noted, and besides 
qualities, and what is rarely found co 
with them, a wild, sweet, rhythmical ea 
that holds you entranced. I shall not so 
get that perfect June day, when, loitering 
low, ancient hemlock wood, in whose 
dral aisles the coolness and freshness 
perennial, the silence was suddenly broke: 
strain so rapid and gushing, and touched 
such a wild, sylvan plaintiveness, that I | 
in amazement. 
little minstrel, that I came twice to the 
before I was sure to whom I was listening 


Florence Merriam Bailey writing 
first hearing the song of the winter \ 


called it ‘‘the event of the summer i! 


woods. Full of trills, runs and @ 


notes, it was a tinkling, rippling rou 
lay.’’ 

These few quotations show that « 
in good company when praising thx 
Yet few indeed are thos 
Each spring and 


ter wren. 
know him well. 
mer the winter wren invites you, r 
to join the company. Pleasanter ir 
tion never sounded through thx 
lands. 

This dark little cinnamon-brow: 
first made himself known to me w 
was a small boy in southeastern | 
His dapper appearanc 
black bars across his sides and bel! 


sylvania. 


a gradual trans 


And so shy and coy was 


A A he 





THE WINTER WRENS 


se-like habit o! ‘reeping 

iles, rocks and overhangn 

rooks captivated my boyish 

I did not hear him sing until : 

in the high hills of New England 

ve only heard the winter wren sing 

e spring and early and middle sum 

In the higher parts of the Alle 
nies he does nest as far south as Nort 
rolina, but at ordinary altitudes he is 

often found nesting and singing 
th of Massachusetts. Further sout 
livens the winters with his distinctiv 
rp and sprightly activity. 

Interest this little bird makes on 
vant to know more about his family. 
There are hundreds of species of wrens 

the world, some in the Old World but 

of them in the tropies of the Ne 
World. This is unusual, for most 
families represented in both the 
World and the New | 

e Old World. It would be fascinating 

follow these many wren species in 


lave more species 1n 
tropical Ameriea. "e have but few 


One who knew only the house-wren 
d the short-billed marsh-wren would 
surprised to know that some wrens 
ally can sing the sweetest of music. 
Bewick’s wren is an excellent singer, and 
Carolina wren wakened me with the 
regularity of a clock one winter in the 
mountains of North Carolina. It was a woodland 
to be wake ned by sounds sO clea and and eryvsta spring 
trong and peaceful. I have ever since from hundreds o 
loved the song of the Carolina wren. It beautiful 
one ot my favorite bird-songs Our air. it sees 
cestors in England probably knew but _ trees It associates cont 


ne species of wren, but it was a sweet flowers of God’s creation 


nger and often sang in winter. They | down their be 
lled some other smal! birds, as kinglets, if | ’ d storms 


vr ns’ also. 


In Porto Rieo | found no wrens. sey lig] , ie wren W 
il of our northern warblers go there These enter into 

winter, but the odd little tody, with ‘lear sweetness and energy and 
short tail and long bill, is the most From the fulness of 
en-like in habits of all the native Porto art its throat pours forth mel 
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If the winter wren is a recluse In the 
wild, it is continually gleaning treasure 
to offer the world in its song. Only the 
best of what it receives comes out tol 
others to enjoy. Industriously it col 
lects from a hundred sourees, beauty, 
nourishment, light, color, interest, fra- 
grance, and when these have been thrice 
refined this generous little being fills the 
woodland air with them. 

But, one may ask, how many ean hear 
the song thus sung in the wilderness? 
Should the bird not be brought into 
metropolitan concert halls? The most 
picturesque portions of the wilderness 
are the only fit setting for that song. 
Shall we bring the planet Venus into 


man-made halls, or view it in the sky 


So the place to hear the winter wren is 





in the limitless oper In nature as 
maa t one may ear this song as G 
creature makes it. Leave vour citi 
vour buildings and your ears | 


when vou seek the winter wre} 


vour cares and your finances, 


foibles and regrets Leave vour j 
ies and aches ust vO (;0 In Ss 
of a rare soul, bigger, perhaps, 


vours, though iT hy tied toa hod) So ft 


(io where the hermit thrush sings 


hemloeks are fragrant. Where flo 


and ferns and mosses grow in Ww 
abandon. The air is purest wher 
winter wren sings. Light is most s 
line there It is the place wher 


abides. Hear him, see him, know 


and carry back something fine and 


ing which was not in your heart be 
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THE ANNUAL MEETING OF THE AMERICAN ASSOCIATION FOR THI 
ADVANCEMENT OF SCIENCE 


annual meeting of the Amer-ean 
‘lation for the Advancement of Se 
d associated organizations will b 
Des Moines, Iowa, from Friday. 
r 27, 1929, to Thursday, Jan 

ry 2, 1930. This will be the eighty 

th meeting of the association and the 

rst to be held in Des Moines It will 

robably not be as large as some recent 

nnual meetings but the main fields of 

‘lence will be well represented and th’s 

nual week of American sclence will 

a very full one. All who are inter 
ested in the advancement of science and 

luecation are cordially invited to attend 
any of the sessions devoted to the read the issue of 

g of papers. A large number of lee vhich pres 
Tures and addresses of veneral interest meeting, melding 
vill be given and the exhibition of sei ing reduced railway 
entific apparatus, materials and books attend. It contains 
will be very attractive the progran of eae} 

The Des Moines meeting will be held” the association. ineluding 
under the presidency of Dr. Robert A ‘ee TO meet witl 
Milhkan, director of the Norman Bridge Those wi do not rece 
Laboratory of Phy sies of the California journal, Science, may secure 
Institute of Technology. Dr. Millikan of the prelin inary announces 
will give a public talk in the Shrine addressing the permanent 
Temple on Sunday afternoon, his sub office, Smithsonian Institut 
ject being ‘*The Alleged Sins of Sei Wasl neton. 1) ( 


ce”? The retiring president of the ply lasts The general re} 


issociation this vear is Professor Henry meeting are te published 
Fairfield Osborn, eminent paleontologist cial issues of 

and educator, president of the American and 31. and free copies of 
Museum of Natural History, New York secured in the same mann 


City, who will be the main speaker at The Press Service of 
. I 


I ia 


the association’s opening session in the Association is making ar 
Shrine Temple on Friday evening. which scientific news fron 
Professor Osborn’s address will be on will bi readily available 
‘The Discovery of Tertiary Man.’’ and news agencies, and 
The annual Sigma Xi lecture will be radio talks by leading sei 
ven on Saturday evening, by Dr be broadcast from Des 


orge H. Parker, professor of zoology meeting yp riod 
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DR. HENRY FAIRFIELD OSBORN 


} PRESIDENT OF THE AMERICAN ASSOCIATION, WHO W L Givi 


Des MOINES MEETING Dr. OSBORN IS PRESIDENT OF THE AMERICAN MUSEUM OF Na 


HISTORY AND RESEARCH PROFESSOR OF ZOO1 AT COLUMBIA 
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THE SHRINE TEMPLE AT 


WHICH ILL SERVE AS THE HEADQUARTERS OF THE A : 


iS MOLNES 


SEATING CAPACITY OF 





DES MOINES AS A PLACE OF MEETING 


Dr. D. W. Morenovuse, president of through the secretary of the Convention 
Drake University and chairman of the Bureau, has actually made the meeti 
local committee, writes that the first Des possible, first through its financial sup 
Moines meeting of the American Asso-_ port, but even more significantly by if 
ciation for the Advancement of Seience enthusiasm and personal work during 
is an occasion of great moment to the’ the last three months 
State of Iowa. He says that every sei- Des Moines is a city of diversit 


entific worker or teacher has reserved _ interests It is not primarily agri 


2 for tural, industrial or commercial, but 


the dates December 27 to January 
the past three vears, looking forward to is a center of education and cultm 
this meeting with great enthusiasm and Some years ago an eastern visitor ex 


anticipation. The Iowa Academy of pressed his surprise that he found Di 


Seience has fostered the project with Moines not a western agricultural tow) 
intiring energy and timely assistance. but a center of culture and education 
: (he citizens of Des Moines are said to <A European traveler, B. Ifor Evans, ir 


nt it the most significant gathering his book, ‘‘ Encounters,’’ writes: ‘* Th 
have ever had the honor to enter- unexpected gives the element of fun to 
The Chamber of Commerce, life; it shows the greatness of the pat- 
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PRESIDENT OF THI 


LABORATORY OF PHYSICS AT THI 


DR. ROBERT A. MILLIKAN 
AMERICAN ASSOCIATION. Dr. MILLIKAN IS DIRECTO 


CALIFORNIA INSTITUT! 


OF THE 





No 


TECHNOLO 











TH 
of the game. I remember one 
t in the Middle West coming to th 
n of Des Moines in 
a. And in my folly I 
men of lowa to talk of corn, 
taller than 


the State o 


had expected 


arrogant corn, 


! 


tead a man came out to meet 


Des Moines and took me to an observa 
ry and showed me the 

brown chocolate smudge,’ he 
oked down the telescope, 


tar which is being born.’ : It had 
taken years for the leht of that choco 


kor a 


rise out oft t} 


ite smudge to reach the world. 


moment one seemed to 
Middle West, to stand above earth, to b 
at rest in the mind of God a 

Des Moines has entertained some of 
the largest national conventions, such as 
the National 
National Physical] 
tion, the Imperial Council of the Mystic 


Edueation Association. the 


Edueation Associa 
Shrine, the Grand Army of the Ri 
public, the National Conference of So- 
cial Workers 
tional. 

The Fort Des Moines Hotel is the 
general headquarters for the association 
It is just three blocks from the Shrine 


and the Lions Interna 


Temple, which houses registration, « 


hibits and all general session lectures 


The 


five leading 


headquarters are in ihe 
The 


Phy SICS ; 


section 
down-town  hote.s 
Mathematies: B 
Astronomy ; H—An 
Social 


sections A 
(—Chemistry ; D 
thropology; I—Psychologyv; K 
and Economie Sciences; L—Linguisties 
and Edueation, and M 
have selected for their headquarters 
the Fort Des Moines Hotel. Section 
F—Zoology, affiliated 
tons Hotel Savery. See 
and Section F-G 
both Zoology 
quartered at the 
Section E 


chosen the 


Engineering, 


and organiza- 


have chosen 
ton G—Botany, 
related to 
will be 
Hotel. 
ogy and Geography, 
Brown Hotel. 
Will have 


groups and 
Botany, 
Chamberlain Geol- 
has 
Section O—Agriculture, 


headquarters at the Ran- 


PROGRESS OF St 


LENCE 


THE SHRINI 


dolpl Llote 
will be 


beautiful 


} 
I< cated 


ences 

dore. a 
; 
l 


secTion ) 


the residential 
headquarters, with 


section N. are 


hese 


tion ol 


; 


easv walking distance of 


and of the Shrine Temple 
section programs are held 

spective headquarters, except i 
larger 


of joint SeSSIONS where CCOMMMO 


} 


dations are required, and even these will 


not be over five blocks from any one 
headquarters 

All the 
held in the 


beautiful auditoriums in the 


hall 


ceneral session lectures will be 


Shrine Temple, one of the 


west 


most 


The main will accommodate over 








DRAKE UNIVERSITY: MI 
PAL OBSERVATORY 


HE SESSI 


THE 
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four thousand people. The exhibits of 
the will the 
ment, and the beautiful lounge, adjoin- 
ing the auditorium and having easy ac- 
cess to the basement, will be used for the 


association occupy base- 


association reception. 

The local committee has tenaciously 
held to the idea of centralizing the 
meeting so that all who attend will have 
the opportunity of seeing other workers 
in their fields and hearing a diversified 
program. There are a few exceptions, 
however, to this arrangement, notably 
part of the program of Section G 
Botany, will be at Iowa State College, 
located thirty-seven miles north of Des 
Section D—Astronomy, 
afternoon the 


and 
hold an 


Moines, 


will session at 


Drake Obser 
tory, in the western part of Des Mon 
A new departure for the Des Moi: 


non-techn 


University Municipal 


meeting is a number of 
leetures for the general publie and 

school pupils. It is hoped that this ) 
increase popular interest in science 
allowing the leaders and men of se 

tifie accomplishment an opportunity 
disseminate the results of science to | 
general public and the younger gen 





tion who will carry on the work of ¢ 
Extra-mural lectures | 
been arranged in some of the 
cities of the state, affording those why 
can not attend the oppor 
tunity to become familiar with the wo 
of the association. 


association. 
leading 


meeting an 


THE CENTENARY OF THE DEATH OF THOMAS YOUNG' 


One hundred years ago there died in 
London one of the most versatile men of 
all time, Thomas Young, M.D., F.R.S., 
one of the eight ioreign associates of the 
National Institute of France. 

His parents were Quakers, and he 
maintained throughout life strict ad- 
herence to the moral principles of that 
sect, though he relinquished the external 
forms as unimportant and a hindrance 
to social contacts. His maternal great 
unele, Dr. Richard Brocklesby, was a 
leading London physician. When his 
nephew was eighteen years old the doctor 
introduced him to the inner cireles of 
and literary metropolitan life. 
His social success was immediate, and he 
remained to the end of his life a brilliant 
member of London society. He studied 
medicine at London, Edinburgh, Gét- 
tingen and Cambridge, commencing 
practice rather late in life. His uncle at 
his death left him his town house with 
his library and paintings and a consider- 


social 


1A more extended paper, read before the 
Thomas Young Memorial Meeting of the Optical 
Society of America at Ithaca, New York, Octo- 
ber 24, 1929, will be published in the Journal 
of the Optical Society of America. 


able fortune in money. He_ becan 
physician to St. George's Hospital! 
post which he held throughout his 

During the first two years after co 
mencing practice in London he was }! 
fessor of natural philosophy at the Roy: 
Institution The lectures he deliver 
there were published in 1807 in two larg 
folio volumes which were for years 
standard work. 

As a boy he was unusually bright, ha 
ing learned to read by the age of tw 
He had a remarkable memo! 
and aptitude for learning | 
guages which he mastered with precisio 
At the age of fourteen, on being asked 
probably in a patronizing manner, } 
one of his uncle’s friends to write 


years. 


great 


Ae Ta SB. et em 


him a copy exhibiting his excellenc 
penmanship, he administered a gent 
rebuke by writing in excellent sty! 
copy in thirteen different langua 
Before he was twenty-one he had 
duced a work on the eye which resu' 
in his election to fellowship in the R 





Society. 
He was fond of athletie sports, 
ticularly of equitation, in which he ex 





THE PROGRESS OF SCLENCE 


THOMAS YOUNG 


1s } 
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celled, and was an accomplished musician 
Although an excellent 
medical 


and art eritie. 


physician and writer ot works, 
he is best known for his work in physiol- 
Og and in phy S1¢s. He made a series of 
remarkable measurements of the eve and 
founded the theory of color vision later 
extended by Helmholtz and held in high 
Ile applied 


his talents to an investigation of the dy- 


regard to the present time. 


namics of the circulation with excellent 
The student of elementary phys- 
Young’s Modulus of 
elasticity, but he is best known for hav- 
theory ol 


result. 
ics soon learns of 
ing revived the undulatory 
light and for devising crucial experi 
ments on diffraction in support of this 
theory. The theory of these experiments 
he worked out with consummate skill. 
Ile was frequently asked to serve on 
commissions appointed by the govern 
ment to investigate and report upon 
scientifie questions of publie importance, 
and for many years he was superinten- 
dent of the Nautical Almanac and secre- 
tary of the Board of Longitude. He 
wrote learned treatises on the theory of 
tides and on correction of ships’ com- 
tary of the of Longitude. He 
was the inventor of the revolving drum 


chronograph still in universal use. At 


Board 


the request of one of the large life in- 
surance companies he undertook exten- 
sive actuarial studies. 

An achievement which illustrates par- 
ticularly well h's remarkable versatility, 
beeause so far removed from his better- 
known scientific activities, was the dis- 
covery of the key to the interpretation of 
the Egyptian sacred characters or hiero- 
Visitors to the British Mu- 


vzlyphies. 





MONTHLY 


seum may still see the hamous Ros 


Stone on which is engraved a procla 
tion written in Greek, in Coptie an 
seem an ¢ 


hieroglyphies. It might 


matter to translate a 


panied by two ready-made translatir 


pa ssave ace 


but the hieroglyphies are a species 
it was not 
they ! 


picture-writing, and 


known what language, if any, 


resented. Young determined that 
had in 


values and laid the foundation for th: 


certain circumstances phon 
more complete understanding. 
Of all his suecessors the one best qu 


fied to pass upon his merit was Herm: 





von Helmholtz, himself famous as ply 
cian, physiologist, mathematician Cz 
physicist. In his popular lectur 
vision Helmholtz says: la 
— : | ee 
He was one of the most keenly inteliect ~ 
men that has ever lived, but he had the a 
= 
fortune that his sagacity too far surpassed t 
of his contemporaries, They were amaze 
him, but could not generally follow the 
flights of his combinations, and so the bull W 
his most important thoughts remained bu 
and forgotten in the great folios of the R ear 
Society of London until a later generation, eSS 
gradual progress, rediscovered his discov | 
and satisfied itself of the correctness and att 
vincing power of his conelusions. —_ 
Athlete, musician, connoisseur ot em 
classical and oriental scholar, mathe: un 
ticlan, actuary, physicist, physiologis nt 
physician; at the end of fifty-six years W 
of ineredible activity, when facing we 
end, he appraised his life, and it har 
surprises us to learn that he found 
its record nothing to regret. in 
Horatio B. WitLiAMs 
DEPARTMENT OF PHYSIOLOGY, — 
CoLUMBIA UNIVERSITY, NEW YORK , 
} . 
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THE INSTITUTE OF HUMAN RELATIONS AT YALE UNIVERSITY 


With «he 
vear at Yale University, marked prog 


opening ol 


ess in the development of the Institute 


Human Relations 


nstitute is to be a center for research in 
biology, psychology and sociology. All 

embers of the staff will also hold ap 
intments in the fundamental depart 
ments of instruction, so that the institute 
will be closely knit to the unive rsity as a 
whole and will serve as a means of cor 
the 


nd applied fields of selence dealing wit! 


ating work in the various pur 


iman life. 


Its primary purpose Is 1n 
the stimulation of coopt rative re¢ 
‘arch so that the 


bitrarily separated related disciplines 


barriers which have 


be broken down. It is believed that 
impediments to progress in the 


| 


ci standing ot conduct 


human 
Through the 


mas 


removed. close 


iS he 
tion of the institute with the 
nal schools, such as medicine, law 


igion, it is believed that the train- 


pro 


the academic 


Is reported The 


I men 
broadened 

A number 
bearing on thi 
already bee? 
and Dr. Augusta 
menee ti 


‘tors il 


Hay nN and Detroit, FTrOUDS ot 


| } 
members of h have bee 


with the 


apDpol 
medicine 
of Medicine, 


medical 


tory oft School 
will take part in a broad 
study of 


Walton I] 


School - Law. \ | Sut 


organization 
Ilamilton, of 
aall ory 
nomic aspe 
been authorized 
eal Association 
Dr. Edgar 
mer chief ol 
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guidance ¢linie, has been appointed to 
the staff of the department of psychiatry 
and mental hygiene, and will have a par- 
ticular interest in the work of mental 
hy giene in the college which was started 
some three vears ago. Clark Leonard 
Hull, former director of the psychology 
laboratory at the University of Wiscon- 
sin, has been made professor of psy- 
chology. 

A survey of European personnel in 
psychology and neurology was recently 
made by Dr. Milton C. Winternitz, dean 
of the Yale School of Medicine. Among 
the appointments which have followed is 
that of Dr. John F. Fulton, who is now 
at Oxford with Sir Charles Sherrington, 
world-renowned physiologist. Dr. Ful- 
ton will be associated with the institute 
in the field of neuro-physiology. 

Construction has been commenced on 
the institute building which is to house 
the following already existing university 
units: Department of psyehiatry and 
mental hygiene; division for research in 
economics, sociology and government; 
graduate division in psychology; child 
development research division. The 


staff in psychology includes, among 


others, Raymond Dodge, Arnold Gesell, 





Clark Wissler, Robert M. Yerkes 
Arthur H. Ruggles. 

The building is to cost $2,000.00 
whieh $500,000 has been given b 
General Edueation Board and $1,501 
by the Rockefeller Foundation. Thi 
lowing gifts have been made by 
Rockefeller Foundation for the w 
the institute: For the educational] 
gram in psychology, $50,000 a vea 
ten years; for the maintenance 
patients in psychology, $50,000 
for ten years. The Laura Spe 
Rockefeller Memorial has given $150 
a vear for ten vears for social sei 
research, for psychology research 
for child development research. 
Commonwealth Fund has now pro 
$50,000 a vear for the work in m 
hygiene. 

The Institute of Human Relat 
with the Yale School of Medicin: 
Yale School of Nursing, the New H 
Hospital and Dispensary,  constit 
what is termed the Human Ve 
Group. For the development o 
group a program requiring $15,500, 


was outlined last February, and * 


600,000 of this amount must still be 
tained, according to reports from 


university. 
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